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PROCEEDI NGS

DR. ONEN. To refresh your nenory, the purpose
here is for us to take your input on the type of scientific
gquestions that have arisen fromthe avail able research that
has been done on radi of requency exposure and m cronucl eus
formation.

In this norning' s discussion, what sone of us did
| ast night and early this norning was to pick through
yesterday's discussion and try and identify the najor topics
that we hit upon. The idea this norning is to over this
draft list and, hopefully, basically conplete the list by
the end of this norning' s discussion.

The list, as | say, is general topics of the type
of question or issue that needs to be addressed and then we
would like to pair with that, of course, the types of
experinments that flow fromthat issue.

| just introduced what we are going to do and,
actual ly, because you and Dr. MacG egor were able to spend
the last few mnutes fine-tuning this, I amgoing to ask you
to help us start with our list of topics that we have worked

up together.

This is the list. It will take sone time to run
through. The first thing, as | recall, on the list is
actually the basic idea of the need to repeat studies. | am
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consciously not using the word "replicate,” but using
"repeat" as the term

| think that what we got out of yesterday's
di scussion was that it would be worthwhile, at |east, to get
sone nunber, N, repeats of the avail able bioeffect wth, of
course, certain definition of conditions. To ny
recoll ection, at |east twi ce was what sonebody said.
woul d |'i ke anybody to offer clarification or correction as |
go along with this.

So, actually, | guess we said reproduce the
findings in other |abs was one way to put it.

DR LOTZ: And in other |abs neant do it again

DR, ROTI ROTI: | would |ike to just nake sure we
have the existing repeats established. | just talked to
Graham and the WIR I LS team has two repeats on all of the
10 Wexposures, one repeat on the 5 Wexposures. All of our
data was repeated at |least three tinmes and the positive
di fferences were repeated six tines.

So, as you are planning to request repeats, you
shoul d be aware of the repeat status of the existing
st udi es.

DR. ONEN: What | would like to ask for in return
is copies of the manuscripts in confidence that we can use
to discuss further and to, as you say, incorporate into

t hat .
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DR. ROTlI ROTI: At the end of the discussion, you
can have our draft manuscript, but | just wanted to hang
onto it until I have answered all the questions.

DR. ONEN. Ckay. | understand. |If | could get
the sane thing fromyou, G aham that would be very hel pful

This list is not in any particul ar order.
Actually, along the lines of the point that Joe brought up,
| wanted to ask other people in the roomif they can give us
any information about other studies, other RF m cronucl eus
studies, that are already being planned or are ongoi ng.

DR. FENECH: A point of clarification fromthe
data that was shown yesterday. There is sone confusion as
to the extent of the m cronucl eus frequency that occurred in
the studies that were positive. Was it an increase of 1 per
1000 cells, or was it 10 per 10007

DR HOOK: It is 10 per 1000, 1 per 100. W
presented our data as frequencies in nunbers per 100. So it
was 1 per 100, or 10 per 1000. Since we actually scored
4000 cells, it is that difference that was used for the
statistical analysis, the actual nunerical difference.

DR. FENECH: Ckay. The actual nunerical
difference is an increase of 10 m cronuclei in 1000.

DR. HOOK: Per 1000; right. W scored 4000 cells
so it was like an increase of 40 mcronuclei in 4000 cells.

DR. FENECH: Your results, Joe?
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DR. ROTI ROTI: | was between--the easiest way to
remenber it is athird and a half a percent. So, if we were
to go from2.5 percent or, let's say, 3.0 percent, it would
go up to 3.36 percent. So the difference we had was real ly
small. Let ne just give you the picture.

DR. ELDER: G aham your nunbers cone from your
0.5 percent control value and your effects |evel was, |ike,
1.5 percent. That is where you get your 10 per 10007?

DR. HOOK: Yes; in that one particul ar experinent,
that is what it was. Qur average increase was, | guess we
are saying, about a four-fold. The frequency in the
controls varied fromO0.5 to--well, actually, | think we had
one case that was 0.2 percent--to sonething like 0.7 or
sonething. 0.5 1 think was the highest--

DR. ONEN. Was that, for the nonent, sufficient
clarification on your question?

DR. FENECH:. Yes; it is sufficient for
clarification in ternms of trying to understand the
bi ol ogi cal inportance of the change.

DR. ONEN:. Absolutely. Actually, one point
further down our existing notes that mght fit well at this
point too is that there was sone di scussion yesterday of the
statistics used. | think even a comment that there was
probably a ot nore yet to be gained fromthe avail able data

on further anal ysis.
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So, while I don't recall anybody explicitly
recommendi ng this yesterday, | think it m ght be worth
considering that additional statistical analysis of the
avai l abl e data by the different avail able or already used
met hods m ght be fruitful.

The next, going down in order, we have to extend
the range of the dose-response eval uation--as you know from
yesterday's work, to characterize the currently avail abl e
data as a dose response is, | think, as Drs. Tice and Hook
descri bed, probably reaching a little bit far. | think
there was, fromyesterday's di scussion, sone agreenent that,
as part of the future work, a nore thorough | ook at the
rel ati onship between the response and the dose rate woul d be
merited.

DR. ROTlI ROTI: |Is that open or are you going to
make a reconmendati on of the dose ranges? The | ogical
progression is 5, 10 and 15 Wkg. Getting above 15, we
start getting into other questions. It nakes a little bit
of difference in the technology we use to irradiate.

DR. ONEN. | think that when FDA conpl etes our
recommendations, and | didn't nmention this norning yet but |
think I nentioned yesterday that, after we receive all this
input, it is our intent to conpile the input as advice that
we give to CTIAto use to wite requests for proposals as

you are alluding to.
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| agree that we want to have nore than just, say,
do dose-response evaluation. | have what you just said
about 5, 10, 15. | recall yesterday sone di scussion of
scanning the range of 1 to 10.

DR. ROTI ROTlI: Wth higher count frequencies;
right?

DR. ONEN:. Yes; that was nentioned yesterday.

Very good. Higher counts at the |lower |evels or an approach
t hat gi ves higher counts at |ower |evels.

DR. LOTZ: Joe, | want to ask; as Russ and | were
talking last night, | felt Iike our discussion yesterday was
saying that 15 may not be within the range of what we can do
with sort of current technol ogy of exposure systens, at
| east wth any reasonable tenperature control at all.

DR. ROTlI ROTI: That is a concern; yes.

DR LOTZ: So |I guess | was wondering whet her
froma practical standpoint, in any near-term situation,
anyt hi ng above 10 was very feasi bl e.

DR. HOOK: C. K can talk about our system better
than | can, but nmy feeling is that we certainly should be
able to go higher than 10 and control at 1.

DR. CHOU. This is all power-dependent, depending
on how big a generator you have. The Kalnmus can go up to
1 kw It can even do to 100 Wkg. But whether that is

necessary or not. Also, of course, the higher the SAR vyour
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thermal gradient will be so big. And the cooling wiill be
very difficult depending on the volunme of your sanple. That
is a conpronm se to be nade sonewhere.

DR TICEE W only feeling right nowis, based on
t he kinds of things we have, | don't knowif it would be
overly useful to extend it above 10. | just think you are
going to end up--

DR ONEN [|['msorry; to--

DR TICE: | don't knowif | would extend it above
10 just because of all the other kinds of constraints that
are going to start driving it. W see a response at 10 and
5 in the sense that we feel that, even though we didn't
reproduce the 5 within the sane technol ogy, 5 was positive
in two technologies. So that is sonme kind of replication,
given that the 10 response is replicated across.

So we already think that there is a dose-response
relationship within that range from1l to 10. Goi ng above
10, you m ght get higher nunbers, but | don't knowif it
woul d provi de any nore information.

DR. ROTI ROTI : | just talked to Eduardo who has
recently proposed optim zing the RTL which, if that were to
be successful, in about a two-year span of tinme, we should
be able to do 10 Wkg in an RTL and then you woul d have a
bit better tenperature control, | think, because the

optim zation would have failed if we didn't have that
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tenperature control and the advantage to goi ng above 10 is
that, right now, you are goi ng between, as we said, 3 and
10 micronuclei in a 1000 as your delta increase.

I f you could get up to 15, you could theoretically
go--you woul d be expecting on the order of 15 to 20. So it
woul d give you a bit better statistic. It is sonething to
consider, | think, in termof planning the research. [If you
woul d want to add sone details about the optimzation and
the requirenents, | think Eduardo coul d probably answer
t hat .

DR OMNEN:. | think we will discuss that further.
| think we have a separate itemthat relates to that a
little nore directly, perhaps.

DR. LAGROYE: Russ, to answer your first question
about what is done in other |abs about m cronuclei, we have
a study which should be out in the fall, and we will be
repeating Dr. Verschaeve's study with the human | ynphocytes
with the 900 GSM and al so the 1800 GSM

But we plan to use pretty low SAR, 0.4 and to go
up to 2.0 Wkg. Also, the exposure tinme was supposed to be
up to 2 hours, so naybe we coul d extend--

DR VERSCHAEVE: 1Is it mcronuclei?

DR, LAGROYE: Yes.

DR. VERSCHAEVE: Because our study was

cystochromati d exchange.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

DR. LAGROYE: Yes; but it is an extension.
Cystochromatid exchange is al so included, but we plan to do
t he m cronucl ei al so.

DR. VERSCHAEVE: Only because you say a repeat
st udy.

DR. LAGROYE: It is an extension; |I'msorry.

DR. VERSCHAEVE: Maybe | can add also that we are
involved in a study that is sponsored by the European
communities. This is a study that is a | ong-term cancer
study in rats but we will do a mcronucleus test on the
bl ood let's say about every six nonths because they are
exposed during two years.

W will do a mcronucleus testing conbination with
FI SH for aneupl oidy detection. At the end of the study,
when the animals will be killed, we will also do--no; we do
conmet assay also on the blood but, at the end, we will also
extend the conmet assay on brain cells and other tissues.

| think that, in the same program the team of
Maria Scharfi in Italy is doing in vitro studies in which he
also will do a mcronucleus test. | amnot sure anynore,
but I think mcronucleus test is included also. That is 900
MHz and | think al so 1800.

DR. O/NEN:. You said that Scharfi's work is in
vitro?

L PR QR e
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DR. VERSCHAEVE: This is in vitro; yes. Qurs is
in vivo, but she is doing in vitro.

DR. ONEN: On each of these three studies, | am
curious as to how firmy established the protocols are. In
ot her words, would these studies be infornmed by what cones
out of this neeting or are they all pretty set?

DR. VERSCHAEVE: Nornmally, they are set.

DR. ONEN. Ckay.

DR. FENECH: | would |like to make on the dose
range, on the range of dose-response eval uation. One aspect
of concern that | have is the heating aspect of the exposure
depending on the SAR  So, in other words, if the current in
vitro systens, setups we have, are adapting to the heating
nmore rapidly than the in vivo situation, then we don't have
a systemthat can properly evaluate the effect that m ght
occur in vivo.

So it seens to ne that there is a bit of a flawin
t he experinents that have been done so far in that they have
not included the test without the conpensatory cooling.

So | personally would Iike to see that in the future
experiments you also do the test wi thout the conpensatory
cooling to the point that is feasible.

DR MOROCS: Wuldn't it be better w thout the
cool ing, you are saying?

L PR QR e
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DR. ROTI ROTlI: No. | think a better thing,
rat her than without the cooling but rather with controlled
tenperature rise so that we have a reproduci bl e tenperature
rise which we--the way this experinent would have to be done
is that we would have to pick a tenperature rise that would
be | ogical with that SAR

W woul d have to do the hypertherm a experinent at
that tenperature rise. W would have to do the RF
experinment wthout the tenperature rise and then we woul d
conbine the two. It is areally three-arned study. But it
is a very reasonable thing to do. But you would have to put
that in your request for the proposal, | would think.

DR. CHOU. Joe, | think in addition to the
heating, a control study is inportant. Also the direction
is cooling because when you blow the air in there, there is
at 0.7 degrees maximumdifferential between the sham and the
10 Wkg, at least in the system Ray and G aham used.

So | ower and hi gher, whatever, in that range, you
have to be tested with a positive control, tenperature
control .

DR ROTl ROTl: So this is a "when is the
tenperature not the tenperature” kind of study.

DR OAEN: | would like to follow that discussion

further, but | want to ask first if Dr. Swicord s comment
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has to do with what we were tal king about before or whether
it is about the non-RF heating.

MR SWCORD: No; it is going back to the question
of who is doing what in terns of mcronuclei studies.

DR. ONEN: Could we take that comment and then we
will go back to the--

MR. SWCORD: Just an addition. You asked whet her
or not there could be sonme changes in the protocol. The
work that |sabelle was tal king about, there are two
| aboratories that are involved and the contracts haven't
been really finalized on those at this point. They are
close to being finalized so it is possible to rapidly,
per haps, do sonething about those protocols.

DR. ONEN:. Thank you. Now, let's please resune
di scussion. Actually, what we had on the list, and I am not
sure | see it right here, but there were two nain areas,

t hought, of dealing with the questions related to heati ng.

| think we are right now tal king about the idea of
conducting experinments with different starting tenperatures.
| think one person characterized that as an anbi ent
tenperature of fset.

What | have heard just so far this norning, again,
is the need to do--the suggestion that there is a need for
experinments w thout cooling, experinments with cooling al

L PR QR e
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sanples down to a lower start tenperature so to speak so
that the SARrise is offset.

DR. ROTI ROTI: | think it is inportant to adapt
the cells to a | ower tenperature before you do that
experinment. It is not the sane thing as to just cool them
down and then do the experinent.

These kinds of studies have been in the heat-shock
field for a nunber of years and the key has al ways been a
cell adapted to a lower tenperature is then nore sensitive
to a tenperature increase. | think as a way of making sure
the systemis reproduci ble requests that cells be adapted to
the | ower tenperature.

DR. TICE: How do you do that?

DR. ROTl ROTlI: | don't know how you do that. But
why woul d you want to cool the |ynphocytes before you start
anyway. They are supposed to be at 37.

DR. HOOK: You are not trying to cool them You
are just running the exposure at a | ower equilibrium
tenperature so that the idea, as | understand it, is that
this heating that we are going to produce fromthe RF will

only bring themup to a tenperature that would not i nduce

m cronuclei. That is the experinent.
This is introducing, |I think, a lot of extra--
DR. ROTlI ROTI: | could agree with that, but | am

just saying if you are going to reduce the starting
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tenperature at exposure, it really ought to be done with
adapted cells.

DR. ONEN:. Perhaps we should talk less in the
abstract and say what tenperatures would be intended for,
say, the offset experinent. |In other words, the target
tenperature thus far has been 37. \What tenperatures m ght
be targeted?

DR. MORCS: Fromthe physics point of view, the
starting tenperature is not really the inportant thing
physically--it may be biologically--is the steady-state
tenperature that the sanple is at for either 3 hours or 24
hour s.

The target tenperature has al ways been 37 degrees.
Everybody agrees with that. | think that, for nost of the
exposures, SARs, that we are tal king about, that is
feasible. It may be that when we are getting closer to
10 Wkg, there nay be a difference between the shans that
don't have power deposition and the ones that do have power
deposi tion.

In that case, | think the suggestion of CK 's is
very good. If you find that there is a consistent
di fference that you cannot conpensate for because you are
just heating too much--in other words, you cannot get the
sham at the sane tenperature--then you do the hypertherm a

experinments to sort of have another control.
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But | don't understand what you nean starting at a
cool er tenmperature. | think what your neaning is to have
your environment at a cooler tenperature. That is what you
are meani ng.

DR HOOK: It is what you said, the equilibrium
tenperature. First, we don't have all of the information we
need to say for sure what it should be because we don't have
t he good heating without RF MN information. From what have,
if you |l ooked at the literature, and nost people are talking
about 39 to 40 degrees C before you start seeing an effect,
that is |ooking at about a three-degree tenperature
i ncrease.

So, based on that, if we say, since we saw
m cronucl ei and you need a three-degree tenperature
i ncrease, you would drop it down by three degrees. That
seens |like a lot but the other side is what C K has been
sayi ng about system where, in fact, based on what extra
cooling we have to apply to a 10 Wsituation, it is only
0.7 degrees C.

DR. CHOU. That is because, based on our 1979
study, it showed three bars. W saw we had good cool i ng and
we saw the tenperature was constant. So we saw a big
change, a big effect. W thought it was a nonthermal effect
until we figured out that there is a big thermal gradient,

very, very difficult to neasure because it is such a sharp
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gradient, at the bottomwhere the cells are--you cannot
nmeasure with a point tenperature sensor. You neasure and
you are still getting the average at the bottom But this
is across a very thin layer at the bottom

Until we punp the cell up, we expose that and it
is another effect. So | amtrying to say here is using the
sanme approach here. W know there is a difference between
the two systens when you use cooling. You blowair into
there is different.

Maybe that snall difference can show. | don't
know. That is why we need the positive control experinent.
Maybe you blow this at a different tenperature w thout any
RF and see if you see any effect up to 24 hours. | don't
t hi nk any bi ol ogi cal data exi sts nowadays to show at
different tenperatures do you see a difference for the
different sanples at different tenperatures.

That is sonething we definitely need.

DR. ONEN:. Yes; | think that is one of the major
poi nts that we have had throughout the discussion is that
there seens to be a need for a series of experinents that
woul d define the response of the m cronucleus assay as it is
conducted here, in vitro, to non-RF heating and | guess to
not only say heating there but actually say it is the
response to tenperature to allow for collecting data bel ow

37 as well as above 37.
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MR. BASSEN. |Is there a possibility to stir by
rotating or tilting every half hour the dishes to get sone
sort of tenperature gradient at the boundary, at the base of
the plastic, renoved?

DR. CHOU. That is the problemw th this system
because this is a test tube. |If these cells start floating
up, your cells are going to be exposed to a very w de range
of SAR That is why we keep that all spinning down to the
bott om

MR. BASSEN. Right. | don't nmean conpletely
inverted but just alittle bit of novenent to get the
tenperature, the heat redistribution.

DR, ROTI ROTI: | think we need to go back. W
can agoni ze over the tenperature artifacts in one system
but the chances of the tenperature artifacts being the sane
in the WIR systemand in our systemwth their very
different geonetries are very snmall.

| think the solution is to do the studies at both
pl aces, or with different exposure systens because the
chances of the sane tenperature artifacts being present--we
can spend forever brainstorm ng how to get the tenperature
artifacts out of those test tubes.

DR. ONEN:. | think, Joe, that was the first point
that | nade.

L PR QR e
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DR. ROTl ROTI: That is what | amsaying. Let's
go back and strengthen that first point.

DR. ONEN. | would rather go through the points we
have in a certain |level of detail before we get into finer
detail on any one point and don't have enough tine left to
deal with the remaining points.

DR ROTl ROTlI: Ckay; that's fine.

DR. WLLIAMS: It seens they are related. The
dose-response experinments should have two purposes. One is
to drive things, perhaps, to a higher SAR so that--with the
hope of better validating that there is an effect and, if

possi ble, to separate thermal and thermal effects at that

| evel .

But the other purpose is to say sonething about
shape. |Is this a threshold phenonmenon? 1Is this a
stochasti c phenonenon? Ray, in your work, | don't renenber,

the 5 and 10; was the 10 higher than the 5 in the systen?

Did you have the indications?

DR. TICE: In one experinent, the 5 was about
hal fway between the control and the 10. 1In the other
experinment, the 5 was the sane as the 10. In both cases, we

did 1, there was about a--what is called mybe a 10 percent
i ncrease above the control in two experinents but they are
not statistically significant and probably not even

rel evant.
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DR. WLLIAMS: But no one has ever seen anything
at 1.

DR TICE: In those two; no. In those two
experinments based on the nunber of cells scored; no.

DR. WLLIAMS: It seens to ne that one effort has
to be to go to a lower SAR with a better statistical handle
on that.

DR. MORCS: One nore coment on this. | hate to
conme back to the sane subject, but it is inportant. The
setup done in the Crawford cell by Hook and Tice with the
test tubes will sustain larger thermal gradients that are
set up in the RTL. | amnot saying that they cannot control
their tenperatures of the sanple to what they want. \Wat |
amsaying is that, since the test tubes are in air, there is
a larger tenperature gradient between the inside of the test
tube, within the test tube, with reference to the air
flowng inside the Crawford cell

We don't know whether there is an effect of
tenperature gradient. | don't know if cells exposed to a
tenperature gradi ent would have an effect. That is
sonmet hing that needs to be said as background i nfornmation.

DR TICE: But the thing to also reflect onis
that Joe already has results at 5 Wkg using the systemt hat
you have which, as G aham sai d, suggests that because both

systens gi ve about the sane nagni tude of response under
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those conditions with having very different spaci al
orientations and heating gradients, that if it is heating,
it is something nore than just a gradient. It is not quite
the sane. Sonething is independent in that process.

DR. ONEN: | think inherent in the idea of
repeating the experinents that are available is that nore
t han one exposure system woul d be used- -

DR TICE: Absolutely--

DR. ONEN. To see if the sane nom nal exposure
conditions give the sanme or very conparable results, taking
into consideration, of course, the possibility of the inpact
of the biological sanple that is being used.

DR. TICE: Russell, the other thing | would |ike
to nention is that | think we should | ook at sone of the
experinments we are tal king about is not as if they are in a
vacuum and that is the only experinment because different
experiments can give you different pieces of information
that, together, make sonme kind of what is called--the
typical thing we say is weight of evidence.

| would actually like to see the cells run at, |
don't know, 34 degrees and see whether or not we see the
sanme increase at 34 steady-state tenperature as we do when
we run themat 37. | don't know that a negative at 34 neans
sonet hing but a positive at 34 would nean sonething to ne in

terms of the kinds of response we are tal king about.
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But it is very easy to argue about one experi nent
because no single experinment will answer everything that we
are trying to ask.

DR. ONEN: Right. One of the other inportant
poi nts about the enphasis on getting repeated experinents is
that a nunber of excellent hypotheses are being generated by
conparing the available data fromthe two systens but to
further flesh out these hypotheses or confirmthemrequires,
| think, nore data.

DR. TICE: Absolutely.

DR ROTl ROTI: W did 3 Wand we found no
evi dence of an increase at 24 hours in either of the sanples
at 3 Wkg. You can al so probably adapt the irradiation
conditions to run cells in test tubes in these RTS because
we ran sone binding reactions that were run in Epindorf
centrifuge tubes in the RTLs. There is a way to nodify--
they have to be short tubes. But it mght be possible to
run cells in tube and in nonol ayer in the RTLs.

DR ONEN:. | think that is a perfect segue into
one of the major points that we have from yesterday's
di scussion that we can continue to flesh out today and that
i s what questions there are regardi ng exposure systens as
they exist and as they m ght be used.

A bl anket way of saying this is that we need to

use a good exposure system a good exposure condition.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

would like to continue this discussion of the capabilities
of the exposure systens now to get down sonme of the points
that m ght be criteria for eval uating whet her an exposure
systemis sufficient for the experinents that would be
request ed.

DR. WLLIAVMS: |If you were to conpare your two
systens by | ooking at the frequency distribution of SARwth
t he voxel tenperature, would they be greatly different?
remenber the one where you had SAR across the bottom and
voxel frequency. How different would they be between the
two systens, or would they?

DR MORCS: Between the--

DR, WLLIAMS: The two different exposure systens.

DR MORCS: Oh; | would have to | ook at the data
closely. | haven't.

DR. WLLIAMS: The other thing | suppose | am
asking is that, in the two systens, you have certain cells
that are at a certain voxel and experiencing certain SAR
They woul d be conparable? |In other words, the only
difference is the rate of heat change, the ability to cool,
the ability to get--you get a different distribution of SARs
wi thin your experinment sanples. | guess | amgoing to ask,
if we conpare those, is there a basic difference between the
envi ronnent an individual cell sees if it exposed at an SAR

of 5in on systemand an SAR of 5 in the other.
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DR MOROCS: My first guess is that there will be a

difference in terms of average SAR and standard devi ation

within, in ny case, the cell layer. 1In ny case, it is the
cell layer. In their case, it is a pellet. W mapped the
tenperature in our cell layer and it was uniform The SAR

we did neasure it and we al so have cal cul ati ons but | would
have to sit down and conpare the histograns to say sonething
about it.

They will be different, | think. | think they
will be different fromflask to flask and they will be
different fromRTL to RTL. But | think they will be even
nore different when their cells see and what our cells wll
see.

DR. WLLIAMS: It just seens that is going to be
the basic--1 guess what | amasking is, conparing the two
systens, what are the paraneters you use to conpare
bi ol ogi cal responses? One of them would be the distribution
of SARs anmong the different cells. Wuat | amasking is is
that enough if we say that your system on the average, at a
certain average SAR has an wi der or narrower distribution
and, therefore, there are fewer cells at the higher range of
t he SAR

That is what | am asking is how do we conpare the
two systens.
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DR. ROTl ROTI: Eduardo, we have the voxe
di stributions or the SAR distributions on percent of cells
fromthe WIR data. W would see if you have that for our
nmonol ayer and then we have to conpare those distribution
pl ots because the issue is the fraction of the cells at the
ext remnes.

| think Eduardo could do that. W don't need to
repeat. We just need to get that fromtheir data they
al ready have. It is just a way of reconfiguring that data.

DR LOTZ: One of the questions that was di scussed
sone yesterday seens like it fits in here and that was
whether there is a need to try and sone nore extensive--|
will call it thernometry to neasure tenperatures to try and
put sonme enpirical validation to those cal cul ated SAR
fi ndi ngs.

| see Graham shaking his head no. You are one
that | renmenber tal king about. You and C. K were talking
about neasuring and how cl ose you could neasure to the
bottom of the tube, and things Iike that.

DR. CHOU. Wself, | have been doing this work a
long tine ago on the nervous tissue. O course, they are at
the organ | evel and not the individual cell level. The nost
inportant thing at that time we found is the only difference
is the tenperature. You say assay up going up to 20 WKkg,
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t hat king of a peak-power exposure, or even CW up to
1500 W kag.
You can boil the tissue, as |long as you keep the

tenperature constant. Even down to 0.2 degree tenperature

difference, | was able to see the difference on the nervous
response. Here, on the cell level, it is probably very
sensitive. | don't know. So we have to be very, very

careful on the tenperature situation.

DR. HOOK: | think the question is would be
expected to accurately neasure tenperature difference that
woul d correlate with the cal cul ated SAR val ues we are seeing
in our exposure systems. M/ thought was that we just can't
do that. W don't have that accuracy in our thernonetry.

DR. ONEN. There was sone di scussi on yesterday of
doi ng neasurenents on phantons to hel p address that
guesti on.

DR TICE: But the thing that came out of that
was, at high SARs, when we are tal king about high SARs, you
could probably do that. But at the SARs we are talking
about, by the tine you open the phantom what C K said was
that the tenperature resolution would actually di sappear
t hat qui ckly.

DR. ONEN. But, | think, as was discussed al so by
C. K, that is a standard way of |ooking at things when you

run into that problemis to | ook at higher SARs and see, and
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to do the nodeling to see how the nodeling conpares to those
phant om neasurenents at a hi gher SAR

DR CHOU. In the past, we used a phantom W
always try to detect the SAR pattern by using the
tenperature nethod, to use the Luxtron non-perturbing
tenperature sensors, or expose the biological object with a
hi gh-intensity power and a short time to mnimze diffusion,
and we try to capture the SAR

But now we have the SAR pattern by using the FDID
calculation. That is the worst case of tenperature pattern,
right there. After that, then you just have diffusion,
what ever, the size of the object and the perfusion,
what ever, convection. That will change the final
tenperature rise in the sanple.

DR MORCS: | think that the point in the mddle
of the board there about nodeling, one thing that can be
done is to nodel their--since they already have the SAR
distribution within the test tube and, presumably, there is
no SAR outside the test tube or in the physical material in
the test tube, you can construct a three-dinensional thermal
nodel that will take into account the boundary conditions
and the anbi ent tenperature inside the Crawford cell and the
thermal properties of the material, and then at |east cone
up with a very--1 would say a fairly robust tenperature
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distribution inside and at least that will tell you the area
where you can expect 37 degrees.

| think that is not unreasonable to do the
t enperature neasurenents that | suggested yesterday of just
mappi ng the tenperature using the Luxtron by pulling up the
sensor at steady state and just mappi hg what the tenperature
is maybe in the center line.

That sort of center-line measurenment can then be
conpared to the nodeling to verify nodeling. | think that
is sonething that is feasible to do.

DR. CHOU. Engineeringwi se, that is the sinple
approach, to do the FDID cal culation and couple it with the
heat equation to get a predicted tenperature, final
tenperature distribution. Then verify with your tenperature
mappi ng to verify, see how the two conpare.

The other one, in terns of biological, | think it
is sinple to do the control study, run different sets at
different tenperatures with RF, see how they respond. Are
there differences fromone tenperature to the other within
t hat tenperature range.

DR TICE: One of the things to reflect on, and
maybe it is because our backgrounds are biol ogy, not
physi cs, when we were assessing--we had two probes in the

tubes that were doing the tenperature. Based on the
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di stribution of SARs for the whole tube, one thernoneter,
one neasuring device, was where the cells were.

But the other one was where the maxi mum SAR was in
that tube. The tenperature difference between those two
spots, again, based on expectations, was half a degree for
all experinments that were done except with PCS which was
1 degree.

So right there, that tells us, at |east to ne,
what the maxi mumdifference in tenperature is that we are
going to locate if we go through and do this, neasuring
physi cal ness t hroughout the whole tube. W already know
what the tenperature difference is, but that tenperature
difference, the ability to neasure at a smaller vol une,
because a voxel is smaller than probably the probe can even
measure, isn't going to give us a bigger tenperature
difference than that, and that is already | ess than anything
you woul d expect to cause hypertherm a because, again, they
are running at 37 degrees. Hyperthermia is at 39 or 40.

| don't know if we can physically measure it with
what you are tal king about. It seens to nme that what Joe
was tal ki ng about yesterday using a biol ogical response
i ndi cator of hypertherm a would actually be nore informtive
al t hough the problemthere is you could say what fraction of
the cells show a response by expressing whatever the signal

was, but, at least in our system you wouldn't know where
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those cells were | ocated because, by the tine you take them
out and do the neasurenents, they are no longer in the sane
spacial orientation they were in the pellet.

But at |east you would know what fraction of the
cells at any one SAR show, as |long as you know what the
threshold tenperature is that causes the response, you would
be able to tell where those cells are.

| s the magnitude of the response within a cel
proportional to the tenperature?

DR. ROTI ROTI: It has all got to be worked out.

DR TICEE So | amjust saying biologically it
m ght be a better way. You would always go with both prongs
because both capabilities exist. But it just seens to ne
that you tie those two things together and you woul d
probably get your information.

The question is, looking at it from even anot her
si de, what does that information give you at the end result?
VWhat are you going to do with the information--

DR. OVNEN: You have sonething to put together with
the information fromthe non-RF heating experinents,
presunabl y.

DR TICE: But if you go through and
mechani stically determne the origin of the m cronucl eus so
that you know t hat, when you neasure the m cronucl ei-i nduced

by raising the anbient tenperature and you | ook at the
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frequency of the m cronuclei-induced as you raise the

anbi ent tenperature so you know what fraction of the cells
are respondi ng, theoretically, you get a higher fraction of
cells because it would be nore at a uniformtenperature but
you woul d be | ooking at the mcronuclei to see that,
mechani stically, the originis the sane, and then try and
titrate back to what is going on fromthat particul ar

f ashi on.

DR, ELDER. Let nme make sonme comrents as to why a
tenperature difference of a half a degree in that cel
system may be highly significant. |If | understand this
process, you have got the blood cells in that bottom 1-n --

DR TICE: Bottom one-third.

DR ELDER: Over a period of 24 hours, this test
tube is sitting essentially stationary, no agitation. Over
a period of 24-hours, these cells are going to continue to
sediment, clunp towards the bottom |In fact, | would be
curious to know, froma 3-hours exposure to the 24-hours
exposure, do you see any visible difference in the
aggregation of the cells in the bottom of the tube.

But that is not what | amgetting to. This
process that gives you mcronuclei requires that the cells
go through a cell division in that period of tine.

DR TICE: No.

DR ELDER  No?
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DR. TICE: No. The cell division is post-
exposure.

DR ELDER:  Post - exposur e.

DR TICE: The cells are sitting there quiescent.
They are not dividing. It is |ynphocytes and | eukocytes.

It is | eukocytes fromyour blood sitting at the bottom one-
third nl.

DR, ELDER. | think what | amthinking about woul d
still hold. During that 24 hours, these cells are clunping.
| would think that ones in the interior of the clunp would
be becom ng oxygen starved as well as netabolically starved.

DR. TICE: But you have a control. The cells in
the controls are doing the same thing.

DR. ELDER. But, in your exposed sanple, you have
got a half a degree tenperature difference.

DR TICE: Not there.

DR, ELDER. In various parts of that small vol une.

DR. TICE: No. The half a degree tenperature
difference is between the bottom of the tube and the top of
the tube. The tenperature difference at the bottom of the
tube is 0.2 or 0.3 degree over that period of tine.

DR, ELDER. That is getting close to half a
degree, 0.2, 0.3 degrees. | am suggesting even that snal
tenperature difference over a 24-hour period to cells that

are bei ng oxygen starved and maybe netabolically starved
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woul d contribute towards increasing the nunber of nuclei in
t hat post-exposure, after exposure when the cells go through
the cell division.

DR. TICE: And so, by lowering the tenperature at
whi ch the cells are exposed woul d obvi ate that problem

DR. MORCS: No.

DR, ELDER: No; | don't think so. | amjust
trying to suggest a possible explanation for why you m ght
be seeing increased nunbers of mcronuclei in this
particul ar setup.

DR. FENECH: The settling is not a problem From
invivo and in vitro experinents with ionizing irradiation,
if you expose the cells in vivo or in vitro you get the sane
dose response nore or |ess.

DR TICE: It also doesn't explain Joe's data
whi ch is a nonol ayer.

DR. FENECH: This is exposing before you culture
the cells in a test tube.

MR, BASSEN. | would like to make a point that the
statenent was nmade that the half a degree tenperature rise
i s because you neasured at the | ocation of maxi num SAR
versus the bottom Well, tenperature is not equal to SAR
the highest tenperature is likely to be at the top just

because of convecti on.
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Tenperature is not equal to SAR in the steady
state unl ess you have sonme--the SAR is only the nmeasurenent
of tenperature over a few seconds, the rate of tenperature
rise. So neasuring at the hot spot of SARw Il not give you
t he highest tenperature in the test tube.

DR. CHOU. | think the tenperature at other areas,
other than the cell, doesn't make--is irrel evant because
cells are not there. So | amreally tal king about right at
t he boundary, the bottom of the tube where the cells are
nost are near that area. It is very difficult to neasure
exactly where the tenperature of the cells--because it is
such a small, thin layer and all the cells pack in there.

Al'l | am saying because there is a difference in
the cooling tenperature up to a 0.7 degree difference, you
keep constantly going over that area for 24 hours, can that
smal | difference in tenperature--where nost of the cells are
at the bottom can make a difference? That is just the
guesti on.

MR, BASSEN. | nention that you if you stirred,
that is obviously not a good idea biologically. But if you
coul d bubble air very slightly to nove those cells once an
hour, say, just to circulate themso that they are not
sitting in a hot spot or a tenperature gradient, as you

mentioned, right at the bottom of the test tube--
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DR. MOROCS: Before you go into any nodifications
of what you are already doing, the cheapest way, again, is
to nodel this numerically. W have the SAR al ready. W can
rerun the SAR at finer resolutions if need be. W can have
a thermal nodel and we can see--I think that is a very good
point of C K W can see what is to be expected when cells
are sitting at the bottom of the test tube.

They are closer to the outside tenperature than to
the hot spot maybe a couple of centinmeters up wthin the
test tube. They are closer to the anbient tenperature which
actually may be cooler at 37. The reason you want to do
this is because, regardl ess of the biol ogical regardless,

t hen nobody can conme back and tell you, "Ch; you did this
wong. You didn't think about this. Your dosinetry is not
conplete. Your tenperature distributions are in question."

| f you do the dosinmetry and the thermal dosinetry
wel | at the begi nning, whatever the biological response, you
cannot go back to this, the beginning, and then criticize
it. Everybody agrees that it is a good work.

DR. CHOU. This biological and engineering, this
totally can be done parallel. What you are saying is it
definitely can be done. Even in the early '70's; actually,
Enory, at the University of Washington, he did a tenperature

around the eye ball with the air cooling at the tenperature

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

and the blood flowin the eye ball. He predicted exactly
what we saw in the rabbit eye; you cause cataracts.

The location and all that part is very, very
accurate. | think we can do the sane thing here. You do
t he engi neering cal cul ati on neasurenent and the bi ol ogi sts
to do tenperature, run at different tenperatures, and we can
come up with a very good answer to that.

DR ONEN. | would like to go to the point--and
this was touched on indirectly in some of the discussion
that just went on. | think Ray nentioned nmechani sns of
m cronucl eus and | think that that was one of the points
that we m ght be seeking clarification on.

So could | get sone el aboration of that? There
was sone di scussion of kinetic or staining, of using FlSH,
and so on.

DR TICE: Wat is key, in part, to interpretation
of dose-response data is the nmechani smof formation
Basically, what that would do is--and al so you have to be
aware that the nmechani smof formation can shift as a
function of the dose because that has been shown for sone
chem cal s.

So you woul dn't want to just pick on dose and do
mechani stic studies on that. But you would want to go
t hrough--and, generally, what would be done is to score

100 m cronucl ei at each dose including the control. So,

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

obviously, it takes | onger when you are tal king about the
control cells than the ones exposed to 10 Wkg, again
assum ng that the response is replicated.

You woul d go through and you woul d neasure how
many m cronucl ei have a ki netochore versus how many don't.
It is pretty straightforward. |If you are really extending
the data, you m ght want to see whether or not you get the
same proportions as a function of doing different
wavel engths to nake sure that there is a consistent pattern
t here.

But once you do it once, you don't need to keep on
doing it. It is sort of |ike a one-shot experinent.

DR. ONEN. But it hasn't been done yet; right?

DR. TICE: But it hasn't been done yet. The only
data that you have that reflects on that is that V-79 study
done by the scientists by the scientists in, was it Zagreb,
where they | ooked at the size of mcronuclei and found a
di stribution that was consistent with chronosone
aberrations, wth structural aberrations.

The problemis that, in that experinent, it really
does | ook |like they had |Iots of hypertherma, and they al so
saw i ncreases in chronmosone aberrations in the cells under
the sane conditions that they got the mcronuclei. So that
is internally consistent, but that is the only data that is

runni ng around.
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DR. ONEN. And your data were all negative for
chronosone aberration?

DR. TICE: There are two things. The chronosone
aberration data that we did was in cycling | ynphocytes
exposed for the sane length of tinme, but they were PHA-
stinul ated cells where exposure started at 48 hours after
stimul ation.

We have not done the kind of experinent you are
t al ki ng about where you take the sane exposure system of
cells being quiescent, stinulate themto divide and then
| ook for aberrations. The problemis that, based on the
frequency of mcronuclei that we are seeing, it mght be a
little tough to even detect an increase in aberrations, even
if one were there, because of the general differences in
power between those two assays.

It doesn't mean it couldn't be | ooked at, but | am
just not so sure that a negative answer woul d nean that
there weren't aberrations, but we just didn't have enough
power .

DR. ONEN:. \What about the converse experinment. |
think there was a good bit of discussion yesterday, and |
know this is a separate topic, sonmewhat, of when the
exposure is conducted with respect to the stage or step of

t he m cronucl eus assay.
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DR TICE: That referred nore to what Joe's
experiment design was because, in Joe's particular studies,
the cycling cell situation was where he added cytochal asin
after the cycling cell exposure. The statenent that Jim
MacG egor said was you don't know if it is negative because
of the fact that it is cycling cells that are exposed or the
fact that the experinental design was such that it precluded
a good possibility of picking themup if they occurred,
because you are |ooking at cells that were nultiple
generati ons down past the exposure.

So, in that situation, that would just be to do a
cycling cell exposure and |ooking for mcronuclei which
could be done in both his 10T1/2 cells or in | ynphocytes
under the conditions where we didn't see an increase
aberrations.

But you could |l ook for mcronuclei under that sane
circunstance. It is just that I think you want the
cytochalasin B to be there during the exposure to make sure
that any cell that cycles through the exposure you would end
up with an increased m cronucl ei present.

DR, ALLEN. If you did pick up kinetochore-
positive mcronuclei, do you think it would be indicated to
go on and do FISH as well in the main nuclei to | ook for
non-di sjunction that m ght be associated, also, wth the

chronpsone | 0oss?
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DR TICE: If you had a mcronucleus with a
ki netochore--if it was a ki netochore-positive m cronucl eus,
by de facto, you would have to have a an aneuploid cell.

DR. ALLEN. But | nean a different nechani sm of
aneupl oidy that you could pick up in the sane cells if you
applied FISH probes to | ook for aneuploidy in the main body
nucl eus. You would have the cells there. It is just an
additional thing that you could do to | ook for an ancillary
mechani sm i nvol ved.

DR TICE: Jim | don't understand what the
anci |l ary nmechani sm woul d be.

DR. ALLEN. A non-disjunction which is not giving
rise to the mcronucleus. The kinetochore-positive would be
a pure chronosone | oss. You would get that infornmation but
there are tinmes when that woul d be associated with spindle
effects that would al so i nvol ve non-di sjunction.

So if you used the in situ hybridization nethods
in the main nucleus, then you could also pick up that
additional information that you are having non-di sjunction
mechani smas well as a chronosone |oss, a distinctly
di fferent mechani sm

DR TICE: Hold on. If you have a m cronucl eus
wi th a kinetochore, then that nmeans that contains an intact
chronosone. Oherwise, it would have a ki netochore.

DR. ALLEN. Right.
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DR. TICE: That neans that the corresponding
nucl eus that is in that cell that has that m cronucl eus
woul d, by definition, have fewer chronosones.

DR. WLLIAMS: No; what he is saying is that there
may be other chronosones- -

DR. ALLEN. Exactly.

DR. WLLIAMS: You may | eave a naldistribution
bet ween the two daughter nuclei that do not produce the
m cronucl ei .

DR. TICE: Right, but the thing in that particular
case, though, is that--1 guess what we are tal king about is
mechanism It is easy to do. | amjust still trying to
figure out the data that woul d generate fromthat. It would
give us nore power for |ooking at aneupl oi dy because we
woul d be | ooking at the potential for multiple events.

In fact, by | ooking at the binucleate cell, you
could see the distribution of chronbsones between the two
nuclei. Coupled with what is over in the mcronuclei, you
could conme up with a count, as far as that goes. And that
could be done. That is not a problem It is theoretically
possible. It is practically possible.

DR. ALLEN. Al | amsaying is that if you pick
t hat up, the kinetochore-positive mcronuclei, sonetinmes
that is involved with lesions that are al so associated with

nondi sjunction. You have the cells there. If you see these
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ki net ochor e-positive mcronuclei, you would have an
opportunity to then see whether it is the kind of |esion
that is also involved with non-disjunction.

DR. FENECH: There is another reason why you m ght
want to use the FI SH approach. Let's say one of the effects
of this exposure is actually knocking ki netochores off
chronosones. It wouldn't show up with your kinetochore
assay, but it would show up with a non-disjunction FISH
assay.

DR TICE: | was trying to decide whether or not
we were cooki ng kinetochores.

DR. FENECH. In fact, mcrowaves are used,
actually, to alter epitopes in immunohistochem stry.

In addition, you have got the situation that, at
| east fromcurrent evidence wth chem cals, that the non-

di sjunction test, within the cytokinesis block assay is nore
sensitive to picking up aneupl oidy events than the
chronmosone |1 oss. So you then mnimze the chance that you
get a fal se negative, maybe just | ook at chronosone | oss
usi ng the kinetochore signals in the m cronuclei.

So those are at |east two reasons why you woul d
want to do the FISH as wel | .

DR. ALLEN. In fact, even in the m cronucl eus,
itself, looking for the centronmere probe, it m ght be

worthwhile to use both kinds of probe, either a major or
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m nor satellite probe with a FISH and, in addition, a

ki net ochore probe and split your sanples because, with this
kind of an insult with heat, you could very well inmagine the
possibility that you are going to get a fal se negative--

DR TICE: If it was negative, then that woul d be
a concern. If it was positive, it wouldn't be a concern.
So, if you did the kinetochore first and got positive for
ki net ochore, you wouldn't have to do centronmere up front.

DR FENECH  Yes.

DR. TICE: The other thing is you would al so want
to do this on cells that were cycling through the exposure.

DR. FENECH: Oh, yes; absolutely.

DR TICE: At the sane tinme you do it in the
ci rcunst ances where we have qui escent cells.

DR. FENECH: You would do it under any constants
that you woul d be testing.

In addition, I would also like to see, in the
tests, because | think it helps the interpretation the
measur enent of the nuclear plasmc bridges that you have in
the binucleated cells. That would provide nore evidence for
chronosone breakage if the micronuclei are negative, and an
estimate on the same slide of the necrotic and apoptotic
cells.

However, that can only be done if you really did

not use hypotonic treatnent. |In other words, if the assay
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was done with isolated | ynphocytes, you could al so neasure
the necrotic and apoptotic cells sinmultaneously. That woul d
tell you, also, whether alteration of apoptotic rate may be
the reason why the m cronuclei are going up or down.

In other words, if you alter the propensity of the
cell that is damaged to undergo apoptosis, then it wll now
show up as a m cronucl eated cell.

DR TICE: W actually did that with the comnet
assay, rather than your approach. But it is basically the
sane thing is to |look for--

DR. FENECH. It is basically the sane thing. The
advantage, if you do it like this, is that you are actually
getting the neasure within the same popul ation. And you can
nodel fromthat information. |In other words, you are
scoring all the events, really, that have happened.

DR. TICE: Can you do that wi th whol e bl ood, or
are you limted to doing that approach with isol ated
| ynphocyt es?

DR. FENECH. Wth whol e blood, you will use the
necrotic cells, and necrotic cells occur frequently. W are
tal ki ng about 10 percent of your cells potentially being
necrotic. It seens to be a side effect of the cells going
into proliferation.

For exanple, if you do the assay with hydrogen

peroxide, you will find that the main event that is induced
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i's necrosis, even though the m cronucl eus i ndex has gone up.
So all these things correlate with each other, the necrosis,
the apoptosis. Apoptosis correlates negatively with the

m cronucl eus i ndex. The m cronucleus index correl ates
positively with necrosis.

So these are all events that are happeni ng
simul t aneously and may be relevant to the interpretation of
what is the actual nechani sm

DR. TICE: Do you nornally see a change in
proliferation kinetics under conditions where you get
necrosi s or apoptosis?

DR. FENECH. Wth necrosis, you can see a
correlation with the proliferation rate.

DR. TICE: | amjust thinking of the circunstances
we were | ooking at. W actually saw no changes except for
one in proliferation, because the exposures, again, are
relatively--

DR. FENECH  Sure.

DR. TICE: Do you think that the aneupl oi dy
assessnment would be limted to normal cells as opposed to
transforned cells by FISH?

DR. FENECH: No; | think it should be done on any
cell type.

DR. TICE: The transfornmed cells are, by

definition, already aneupl oid.
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DR. FENECH: They woul d have a hi gher propensity
to beconme--to show a wi der range of aneupl oi dy.

DR TICE: It is like CHO cells are 80 percent
aneupl oi d.

DR. FENECH: Ckay.

DR. ALLEN. Again, that is controlled for. You
can nmeasure the changes in your control so, at least with
mcronuclei, it is a bit nore difficult with FISH in
i ndi vi dual chronpbsones because of the instability. But |
think a m cronuclei endpoint would still be valid--

DR TICE: No; that would be.

DR, FENECH  Yes.

DR. ROTI ROTI: | have a question | have been
trying to get in here. On the request for apoptosis and
necrosi s neasurenents, it seens to ne that, for our studies,
the nost feasible way to do that is to take part of the
sanple. W don't need that many cells to make slides wth,
but we can run flow cytonetry for either tunnel assays or
Annexen 5 assays to get the apoptotic fraction.

We have been doing that with Mt 4 cells and we
find no effect of exposure. But we haven't done the
apoptosis in the C3H 10T1/2 cells yet, so we could do that.
The other thing is that we have al so | ooked at proliferation
and cell-cycle progression of these cells, not under the

sane sanples that we exposed but under the sanme conditions,
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and there is no perturbation of cell-cycle progression or
cell proliferation

DR FENECH R ght.

DR. ROTI ROTlI: But the inportant question is that
it is feasible, then, to just split the sanple and do fl ow
cytonetry on part of it for apoptosis.

DR. FENECH: You could do it that way as well. As
|l ong as you are verifying that there has not been a marked
change in one or the other, then you can go ahead--

DR ROTl ROTI: But we haven't selected a
subpopul ation for either.

DR. WLLIAMS: W do not have a rigorous anal ysis
of the literature, do we, on the heat induction of
chronosone aberrations? There is bound to be in the
hypertherm a wor k.

DR. ROTI ROTI: Bill Dewey did that years ago.
They nostly found sonme very stuff of chronbsonme aberrations
in heat. One of the tricks is to make sure all the cells--
t hat your heating conditions are done in such a way that al
of the cells get to mtosis. |In fact, the original studies
didn't do that. So | don't know that there has been a
repeat ed study.

| could probably ask Joel Bedford--he probably
woul d know this--to see, under conditions in which all of

the cells actually get to mtosis because a |ot of cells,
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after heat, die in late g2 before they get to mtosis--so,
dependi ng on what cell cycle they are in when they are
heated. So that is a tricky thing.

DR. ALLEN. Anot her point about that, too, is |
think there is literature that if you heat and get your
stress response up, and then heat again, you have got a
tremendous anount of protection fromyour second insult.

DR ROTI ROTI: Absolutely.

DR. ALLEN. What is that phenonenon call ed?

DR. ROTI ROTlI: It is called thermal tolerance.

DR. ALLEN. Thermal adaptive response. That is
very active with neasurenents of aberrations and ot her Kkinds
of damage.

DR. MacGREGOR: This is getting to--actually, |
was going to make a different comment that relates to the
sanme thing, | think, and that it would be useful in whatever
is decided, in terns of the nmechanistic study, to perform
t he sane mechani stic neasurenent on the heat w thout
irradiation experinments so that you can conpare. That woul d
hel p to dissociate those two things.

DR TICE: It would be kind of funny if RF signals
all gave a certain kind of mcronuclei. Hypertherm a has
al ready been reported to i nduce chronosone-type m cronucl eus

rather than acentric fragnents, so that would help a lot.
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DR. LOTZ: One of the things that we had on the
list that that at least refers to is this whole idea of
needing to do a nore careful non-RF tenperature profile in
terms of the m cronucl eus response. There seened to be
pretty good agreenent about that yesterday so | don't know
that we need to talk about it a lot nore. But it is on the
list.

DR. ONEN. | guess the only thing we got so far
this norning on that was maybe | ooking at a 3 to 4 degree C
range and, perhaps, including also sone tenperatures bel ow

DR. ROTI ROTI: | would think you should go 37.5,
38, 39, 40, sonething like that.

DR. ONEN. At quarter degree increnments or
somnet hi ng.

DR. ROTl ROTlI: | don't know about quarter. Half
degr ees.

DR. OVNEN:. Dependi ng on what the exposure system
can generate.

DR. ROTlI ROTI: | would guess that you don't need
to go real high because there is data at higher
tenperatures. It is the 38 degrees, 39 degrees. But,
remenber, all of our systens are tal king about 37 pl us-or-
mnus 5, so | think you actually want to do 37.5.

DR. WLLIAMS: And probably an arm of that study

shoul d i ncl ude an RF exposure that you agree does not, by
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itself, in your systens, produce an effect. In other words,
take a suboptimal RF exposure 1--

DR ROTl ROTI: | amnot sure | understand.

DR. WLLIAMS: In other words, you can do your
heat experinments--one arm of that experinent is heat al one,
but it should be heat, then, with a | ow RF exposure that you
agr ee- -

DR ROTl ROTlI: Right; | think we have to heat
wi th RF and heat w thout RF.

DR. WLLIAMS: But one thing should be an RF
exposure that you decide does not, in itself, in any of your
experinments, produce--

DR. ROTI ROTI: | kind of think we have al ready
done that.

DR. TICE: No; what Jerry is talking about is
dressing the cells with heat.

DR. WLLIAMS: Shifting the curve.

DR. TICE: And then throwing on top a subopti nmal
RF exposure.

DR. ONEN. Perhaps shifting the dose-response
curve.

DR. ROTI ROTlI: ©Oh, yes; that kind of thing we can
do.

DR ONEN:. W th non-RF heat.
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DR. MORCS: You can use such a | ow SAR that you
know you are not going to heat--

DR. ROTI ROTlI: It is not so easy to do that, in a
sense, because what | plan to do for the tenperature
response is a highly controlled system It is very well
established and very well characterized, but it is in a
conpletely different lab than the RTL room Wen we woul d
heat with the RTLs, or heat in the RTL room it is going to
be thermally bal anced in such a way that nothing el se can be
done in that roomor else we wll have to take an RTL and
put it down in Eduardo's physics |ab where it can be heated.

| f you are going to be heating with an RTL, that
means all of the experinments going on at 37 will have to be
put on hold when you do that. These are just |ogistical.

It is doable but it is--

DR MORCS: It is sanme case for them

DR, ROTI ROTI: Well, no; it is quite a bit
di fferent because they don't run concurrent studies. If we
have ongoing transformation studies going on at the tinme we
are trying to do this experinent, we are not going to be
wanting to crank that roomup to 39 degrees. Cranking that
cold roomup to 39 degrees is a big difference, because

these are done in a hot room
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Soif we do this, we may have to construct a
separate heating environnment for a single RTL soneplace in
your | ab.

DR ONEN. One thing that we talked about a little
bit yesterday and have not fleshed out any this norning but
was one of the points fromyesterday, and I would like to
coll ect any additional input on, is doing experinents that
take a finer | ook at exposure duration. Again, with the
exi sting work, we have, in one case, 3-hour and 24-hour
data. In the other case, we have, remnd ne, Joe, but it is
sonmething |like 8, 24--

DR ROTl ROTI: W have 3, 8 and 16 and 24.

DR. ONEN. 3, 8, 16 and 24.

DR. ROTlI ROTI: | can tell you why we chose those
is because the 24-hour is what they used. W were kind of
foll owing what the WIR did. | think 24 hours just becane a
natural choice. W chose, fromthe begi nning of our study,
to | ook at |onger-term exposures of a day or nore and, in
general, quite often, 24 hours was our m ni num just going
over ni ght.

Then, in the later stages of the study, we began
to do nore short-termstudies. Qur DNA danmage data was al
2, 4, and 24 hours. And so we tried to at |east get
sonething on the order of the tine intervals that we chose

for the DNA danage studi es.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

DR LOTZ: Wat was the rationale in terns of the
shorter ones, the 3 hours?

DR. ROTl ROTlI: The 3-hour one, | think it just
fell in the mddle. But the 2-hour point that we picked was
fromthe Lai and Singh experinent, basically, because they
did 2 plus 4 hours.

DR. TICE: In vivo.

DR. ROTI ROTlI: In vivo; right. And so we tried
to do that in vitro.

DR, TICE: What drive our exposure duration side
was the other experinents we were doing with the regul ar
gene-tox battery where we were doi ng exposures for 3 hours
and, at the sane tinme--generally, in those particular
batteries, you do 3 hours or 4 hours with and w t hout
met abol i ¢ activati on.

Met abol i c activation was never thought of as being
necessary in this particul ar experinmental paradi gmbut, at
the sane tinme, we didn't go to 4 because, since we are doing
all the exposures in one day, if we did themin increnments
of 4, that neant that the day was running around 16 to
18 hours. By doing it for 3 hours, we could manage to do
all the exposures we wanted to do within one day so, in a

sense, that was our concurrent kind of situation.
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DR. ONEN:. If I recall correctly, your protoco
was to do the experinents at 3 and if there was an equi vocal
result, to do 24?

DR, TICE: Actually, we decided to do both
regardl ess of what happened at 3. The reason for that was
that if you | ook at the standard aberration protocol
exposure, which is what we were doing on cycling cells, then
that is generally a short exposure, and one that is
considered a "1 and a half cell" cycles.

One and a half cell cycles in human | ynphocytes is
about 20 hours, or sonething like that. W were trying to
mmc this one agai nst the 20-hour one. The reason we went
to go to 24 was, again, just because it was convenient.
Soneti nes, science is based on convenience as nuch as it is
based on scientific rationale.

DR. ONEN: It |looks like we are at a conveni ent
m nor |ull

DR. TICE: Was that because | was speaki ng?

DR ONEN: No; | think not. Well, | won't
speculate. But if we can take only ten m nutes and be back
here to resunme our conversation, that will give people tine
to do what they really have to do.

[ Break. ]

DR. ONEN: We will resune this discussion

Anmongst the topics that we touched in yesterday that | would
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like to clarify input onis in vivo experinents. It was
menti oned yesterday that experinents that are being planned
coul d, perhaps, be designed to include mcronucl eus assays
at an endpoint, our epic bioassays, for instance, that are
bei ng pl anned.

Another idea is that there may be--1 think Dr.
Roti Roti mentioned that, wow, he just mssed the boat. He
coul d have done those on an experinent that he was just
doing. So a simlar idea is there may be in vivo studies
going on right now or just starting to which m cronucl eus
assay could be added as an endpoint in sone way.

So | would like to take sonme input on that,
pl ease.

DR. WLLIAMS: The experinments in France?

DR. LAGROYE: W did sone experinents using head-
only exposure. W used 1, 2 and 4 Wkg. That was a 2-hour
exposure. W only | ooked at the DNNWVH using the conet
assay. Actually, we found a 20 percent increase in the
comet length wwth the 4 Wkg SAR only.

DR. WLLIAMS: In what cells?

DR LAGROYE: No; it was in rats.

DR. WLLIAVS: In rats, but what cells? You
extracted what; brain cells?

DR. LAGROYE: Yes; brain cells.
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DR. VERSCHAEVE: That was whol e brain, not
parti cul at es.

DR LACROYE: The whole brain. W followed the
sanme procedure we used for the Lai and Singh replication
st udy.

DR. MORCS: The question | think is anybody
pl anni ng sone- -

DR. ONEN. No; the question is is there a call for
doing in vivo experinments, particularly keeping in mnd that
if FDA were to recomend such, such a recommendati on m ght
be taken up by people who are just begi nning studies or who
are already doing studies. But the larger question is
should in vivo studies be done with this endpoint, period.
| f so, should a purpose design the in vivo experinent to
| ook at m cronucl eus assay await other in vitro information,
and so on.

DR. TICE: Let ne ask the question this way. |If
it turns out that the m cronuclei-induced in vitro are al
caused by | ocalized hypertherma, | know fromwhat C K said
that currently people are exposed up to, was it 1.6 W-

DR CHOU. Up to 1.6 Wkg.

DR TICEE Up to a 1.6 Wkg peak. So then the
question you m ght ask is whether or not, at that SAR, would
you expect sonme kind of |ocalized--the sane kind of heating

phenonmenon that we are getting at 5 and 10 because we are
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not picking it up at--well, we haven't picked it up below 5
yet; let's put it that way.

DR CHOU: In addition to that, 1.6 is the limt
for the cellular phone, for the general public, so for the
uncontroll ed environment. But for people in the profession,
occupational exposure, in a controlled environnent, the SAR
peak limt is 8 market.

DR. MORCS: For how long? 8 for 6 mnutes, |
think it is.

DR CHOU. Yes; at |east 6 mnutes, above.

DR, LOTZ: No; it actually go above 8 for 6
m nutes, or less than 6 mnutes. Beyond 6 mnutes, there is
no tinme duration to it. That was the only coment | was
going to nmake about Ray's point was that, in Luc's
i ntroduction yesterday, the occupational studies, where
t here had been a suggestion, people who are occupationally
exposed to ot her sources, not specifically the cellular
phone, m ght receive RF exposures of higher, particularly to
the extremties of higher fields certainly than 1.6 and for
short periods of tine, at |east, maybe on a repetitive basis
or sonething like that.

| think those occupational studies raise the
gquestion. And, at least for us, there is that concern of
wor kers who have other RF sources. So it wouldn't
specifically relate to the question of a cell phone and

L PR QR e
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m cronuclei but it would relate to the nore general question
of RF exposure and m cronucl ei .

DR. TICE: Those two epistudies--Luc, you have had
two positive epistudies?

DR. VERSCHAEVE: Yes; we have two positive, but
dosinetry was not well done so there is no idea about what--

DR TICE: So then the answer, based on that
i nformati on, would be yes.

DR. VERSCHAEVE: Yes.

DR TICE: | think it would be inportant to do an
in vivo study.

DR. VERSCHAEVE: | think so; yes.

DR TICE: And it would probably have to be sone
kind of repetitive exposure because | don't know, if you did
a 2-hour exposure and then did the normal sanpling--well,
you could do a 2-hour exposure and take out |ynphocytes from
animals, stinulate themto divide, as long as there is a
whol e- body exposure, | expect; right--because, if it was
head only, | don't know-I realize the blood circulates to
the head but, nmaybe if it is a whol e-body exposure, there
m ght be a greater chance or |ikelihood of picking up
sonet hi ng.

| would Iike to see sone of the nore |ong-term
exposures that are planned or are being done would be a

really great way to see, under those chronic exposure
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conditions, whether there is accunul ation of events across
time.

| would be looking, if it was nobuse, at |east |
woul d do both bl ood, peripheral blood, Iike Jims group had
devel oped a long tine ago and al so | ynphocytes, because that
is the population that we did in vitro and that coul d be
stinmul ated to divide.

If it was rat, well, | would still do peripheral
bl ood but | would probably focus nore on reticul ocytes or
PCE s and NCE' s, except the Japanese are still talking about
doi ng rat peripheral blood. | just haven't had nuch | uck
with that yet.

DR, MacGREGOR | would nake two comments. To ne,
the key overriding question is can this phenonmenon occur in
vivo. So it seenms to ne that you would |like to have in vivo
information. | think there are technical issues to think
about in vivo because of the nature of the cells and their
replication kinetics, that the | ynphocytes, where the
observation has been made--

DR. ONEN: I'msorry; | didn't hear that last bit.

DR. MacGREGOR: The | ynphocytes where, presunably,
as a mpjor part of this cell population in which the current
observations are made, are a m xed popul ati on nost of which
are not dividing in vivo. So, now you have a techni cal

probl em of having to expose quiescent cells and then having
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atinme lag to get themout and then choose sone artificial
invitro culture situation

So | think that whole issue warrants sone
di scussion. | guess | would agree wth what Ray | ust
suggested that if in vivo experinents were to be done, |
woul d li ke to pose the general question, could the
phenonenon occur in vivo and probably | ook at two different
kinds of cells, the erythrocyte nodel, which is a convenient
nodel because the cells go all the way through their whol e
normal in vivo process, two mcronuclei in vivo. So you
don't have this technical problemof how to do the
experinment and expose only part of the cell cycle and then
do another part under an artificial condition.

And then, also, try to do, in sone way,
| ynphocytes because it is the cell population that is
probably being affected. So that would require you to be
abl e to expose--1 guess mce would be the |ogical nodel that
woul d be a small species in which both assays could be done.

DR TICE: | would alnost be a little bit
concerned about doing the erythroid cells because of the
fact that the bone marrowis relatively far renmoved fromthe
skin, wherever the exposure is going on.

DR. MacGREGOR: That becones an engi neering
techni cal question, | guess, whether the irradiation can be-
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on whet her - -

DR LOTZ: if we are tal king about these
frequencies, there is plenty of penetration in terns of the
whol e- body exposure, especially in a nmouse. Alnost the
exposure would be nore uniformin a nouse than it would be
in a larger animal at, say, 850 MHz or even 1900.

MR. BASSEN:. That depends on the exposure.

DR LOTZ: Well, sure it does.

MR. BASSEN:. If it is near field, if it is a
di pol e- -

DR LOTZ: That is why | said whole body. | am
assum ng we woul d use sone nore standardi zed systemto--even
whet her it was kind of the circular wave gui de, but
certainly a horn or sonething like that in the far field, or
the type of thing that is being used for the PIM 1 study.
Those are going to provide exposures that have a | ot of
penetration.

There is going to be nonuniformty, but there wll
be, certainly, plenty of penetration to the other tissues.

DR. LAGROYE: Yes; there is a piece of work in
Europe by the Kuster, Nils Kuster. They are working hard
about the exposure systemfor rats and mce, too. So |

t hi nk they should be able to hel p.
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MR. BASSEN: |Is there any concern about constraint
of the animals causing a stress that m ght cause sone sort
of response?

DR. ROTlI ROTI: | have an answer to that question.

MR. BASSEN:. Because these animals should be
rotated--if they are allowed to roam the SAR is going to
vary quite a bit.

DR. ROTl ROTlI: W have experience with that. W
have used this radial irradiation systemand the rats were
accustonmed to the restraint devices for | think a nonth
before we started the exposures. Once they are accustoned
toit, there is no detectable stress on the animals.

DR. MORCS: They actually go in voluntarily.

DR. ROTlI ROTI: They go in voluntarily and they go

to sl eep.
MR. BASSEN:. These are tubes, so they are aligned.
DR. ROTI ROTlI: They are tubes.
MR. BASSEN:. They don't turn around in those

hol der s?

DR. ROTI ROTlI: \When they are really little, they
do, yes. But you have a series of those holders as they
grow. For two years, we had to have a series of hol ders.

MR. BASSEN. Do you push a plunger in to keep--

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

DR. ROTlI ROTI: There is a little thing that goes
agai nst their backside and allows their tail to conme out
t hr ough.

DR. MOROCS: W went through these hoops and | oops
about how you best do this. The paper has been published.
It is two papers. One tal ks about design dosinetry.
Everything was taken into account, event the anount of
excrenent that they were going to produce within a 4-hour
period to make sure that they didn't get wet with their own
urine, to make sure they had plenty of fresh air comng in
through their nose. Everything was taken into account.

But this systemwas designed to preferentially
irradiate the head. |If we are going to use sonething |ike
that, then we need to change it for whol e body.

DR CHOU. W did the sane thing at City of Hope
on this head-only exposure. W had a pretty tight system
conpared to the Washington University. That one, you have
sone | eeway and the animal can nove their head. The one we
had, even very tight; we have a plunger in the back and it
only took about a few days and they got used to it.

We had an adaptation period for seven days. There
was no problem Every tinme, the animal just goes in and
they take a nap. So it was no real struggle. After a few
days, they go in thenselves. W just put the plug in there

and they just stay in there.
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DR. ALLEN. What is the |limt of the exposure
period when you have this restraint?

DR. CHOU. Two hours of exposure.

DR. ROTI ROTI: W did four hours.

DR. MORCS: A day for two years.

DR. TICE: Can | ask the question; if the
orientation is actually not a problem when you go to a
chroni c exposure, given the fact that if they are in the
wave gui de where the animals can nove around, they are stil
exposed for longer durations but the orientation will, in a
sense, have sonme average across tine.

DR HOOK: | would point out, for the in vivo, if
you are trying to do bone marrow, you could do |ocalized
exposures, too. You could expose just the femur. That
woul d probably allow you to get to higher SARs.

DR. MacGREGOR: | would just add rats and m ce
have been nentioned, but | would say that the nouse nodel
offers a significant advantage in that the frequency of
m cronucl eated cells in peripheral blood reflects that in
bone marrow whereas, in the rat, it does not and you have
ot her technical problens because of splenic renoval of the
m cronucl eated cel | s.

The other comment | would make is that | don't
know the maxi mumtinmes of restraints that are used but,

often, aninals are restrai ned and can even be fed in

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

restrainers and their metabolismand excretions studies are
done and those kinds of things. So there are restraint
systens that would even allow the animals to eat and drink
that are avail able that could be | ooked into.

DR. CHOU. The systemthat we have exposing the
nmouse is being used in Australia to replicate the study for
checki ng the nouse | ynphona study. W have the system
exposing 40 animals at the same tine, 15 exposure systens
exposing 1200 animals there now. This is the second year
going on. So that system works very well.

DR TICE: C K, you just said that that exposure
is currently going on?

DR. CHOU. Yes; it is a two-year study in
Australi a.

DR. TICE: These are mce?

DR. CHOU. M ce.

DR. TICE: There you go, fromthe standpoint of
all we need is--actually, all anybody needs, not necessarily
we--is just peripheral blood snears fromthose ani mals, and
you woul d have, at |east under those exposure conditions
wi th those--whatever SARs are bei ng used, you would have an
answer. That is probably--if there is a way to push for
that, that would definitely give sone indication of whether

or not this is a biological phenonenon that occurs.
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DR MacGREGOR: Those snears can be based on about
3 mcrol of blood so all you need is a tiny tail prick.

DR TICE: And we would be willing to fly to
Australia to collect the sanples.

DR. ONEN:. Actually, we could send M chael there.

DR. FENECH: The lab is probably not nore than ten
m nutes away from where we are.

DR TICE: Al you need to do is to take a little
piece of the tail off and then nmake snear out of that.
That's all it is.

DR. FENECH. | am sure whoever is running that
experinment can do it.

DR TICE: | think, to ne, that would have a
really high priority right now

DR. FENECH: | think it is Tim Kuchel who is in
charge of that study, | understand.

DR, CHOU. That study has two popul ati ons of
animals. One group of 600 animals is the PIN 1 nouse. It
is exactly the same species as Mchael Repacholi used. The
other one is a wld-type regular nouse. They have different
dose power |evels, SAR |evels.

DR. FENECH: Wiile we are talking on the in vivo
aspect, perhaps we should at |east consider the tissue that
is being sanpled relevant to the probl em and whet her any

actual human in vivo work could be done.
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| just want to point out that, say, in the nouse
studies, it is, in theory, feasible to do a m cronucl eus
assay with cultured fibroblasts collected, let's say, from
around the brain and so on. So that is one option. O
| ooking at the mcronuclei induced in the skin is another
possibility.

The reason why that m ght be relevant, at |east
with the nobile phones, the phone is held close to the ear.
Maybe in the human situation, you could, again, in theory,
sanple cells fromthe skin as a possibility or, let's say,
this hasn't been done before but maybe scraping of cells
fromthe epitheliuminside the ear is another possibility.

| f you stretch your inmagination even nore, and
this probably would be a big flop, but, anyway, | m ght as
well say it. This is just for consideration. One could
actually al so place target |ynphocytes, let's say, in a
smal | test tube or capsule place in the ear while exposure
froma nobile phone is occurring and then do the test on
t hose cells afterwards.

Al of thisis really sinply to nention that there
are--theoretically, it is possible to do m cronucl eus assays
invivo in humans directly. But it hasn't been done so the
feasibility of that is not entirely clear.

DR. ONEN. There were a few things from yesterday

that | definitely need sone clarification on, noving on to a
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new topic. But we can cone back if we need to. There was
sonme nention yesterday of what is needed in terns of
conparing nultiple technol ogies or evaluating the rol e of
nodul ati on and carrier frequency.

If I could, I would Iike clarification of what was
said yesterday on that.

DR TICE: That was sonething we threw in because
of Carl Bl ackman at EPA during one of the conversations, |
don't know, it seens |like a decade ago by probably | ast
year, where one of the--he is sonebody who specializes in
| ooki ng at radi of requency work within EPA. One of the
things that he tal ked about was trying to separate out
nodul ati on fromcarrier wave.

That is about as nuch as | know about it and
probably the people who are on the physical side can nmake a
better conmment. But at least that is where the originis.

DR. O/NEN:. Anybody el se want to add to that?

DR. CHOU. That was in the WIR study, we had the
different nodul ations, FM TDVA, CDVA. That is the purpose,
to cover the different possibilities.

DR. HOOK: The idea here was to have just a
strai ght CWsource, no nodul ation; the idea being that,
then, that if the response vanished, it would be

attributable to the nodul ation rather than the carrier rate,
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and that that m ght be a way of getting at the question of
whether it is a thermal effect or not.

DR. CHOU. \Whether it is a thermal effect or not,
| think your control tenperature study will help explain
t hat .

DR LOTZ: |Is there any thinking that there is
i nportance to studying one technology in ternms of wreless
signals over another. For your work at ILS, you didn't see
any difference between the different technol ogies that you
have tested so far, anyway, as | recall, in this particular
assay, anyway, in terns of mcronuclei.

DR. HOOK: Not if you |look at just the peak, or
what is giving us our highest response. But we don't have
enough information to tal k about, really, dose response at
all. But, certainly, differences in dose research between
di fferent technol ogies is unclear.

If you look at it, we have only got really one
experiment where we conpare 10 and 5 between two
technol ogies, and we got a difference there. So we don't
have dat a.

DR LOTZ: That goes back to ny question, then; is
there reason to preferentially study one--not necessarily

one specific, but certain nodul ati ons over others.
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DR. HOOK: | think, based on our data, you would
have to argue that you would want to | ook, at least in the
begi nning, all of themthat we did.

DR. LAGROYE: At the |ast BEMS neeting, one group
fromltaly showed that using the GvSK nodul ation for the GVS
signal, they could get mcronuclei after 15 m nutes
exposure. So it was in human | ynphocytes. That was a
pretty prelimnary study, but maybe there is sonething to
| ook at here.

DR. CHOU. | would go back to that assay nunbers.
| have to put sonme qualifications here. W are talking
about 10 W 1 W 5 W whatever. Really, what we are talking
about is the every pixel. It is based on the FDT
cal cul ation and you nmeasure at one point. The nunber we
quote, 1.6 or 8 W the FCC level, that is the average over
1 G of tissue.

If you go to ICNIRP, and nost European countries
have adopted that ICNIRP standard, that is an average over
10 Gof tissue. So if you have this average, all the
nunbers will be different depending on what standard you are
| ooki ng at.

So, interns of ICNIRP, their peak SARis 2 Wkg
for the general popul ation averaged over 10 G where

occupation is 10 Wkg over 10 G
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DR ONEN. O course, their sanple size here is
never approaching 10 G so we are forced to average over the
sanple size. O Ray would be a lot nore pale. | don't
know, C. K., if you want and can expand upon in the
di scussi on of what type of signals to use.

I n anot her context, | have heard sone di scussion
of a nodel signal designed to be representative, sonehow,
nore representative of | will say reality in quotes. Do you
want to add to that?

DR. CHOU. Actually, | think the best person to
answer is Mays Swicord. He is aware of all these MW-
supported prograns around the world, all different
nodul ations. He will give you better insight on that in
terns of which ones--let's wait until he cones back

DR. ONEN. There was anot her point that we needed
sonme clarification on. | would |ike to get input again on
what cell system should be used for these studies, or does
it mtter. Cdearly, we have got two different cell systens
t hat have been used in the data that have been presented
here and I would like, again, to get clarification or input
on that topic.

DR. TICE: Russell, ny first reaction is that you
are tal king about trying to independently verify sonething
in another |ab you have got, of course, two approaches. One

of themis you use a different system a different cell. If
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you get the same response, then you have got a really robust
response that is independent of anything. It occurs. That
gi ves you sone information

If you do a different cell in a different system
and you get negative responses, then you don't know if it is
the systemor the cell. Then you end up going back to the
sanme systemand the same cell but then in a different |ab.
In this particular situation, what we are kind of relying on
is the fact that Joe has 5 Wkg positive reproducible
response in 10T1/2 cells when they are qui escent.

Therefore, we already think that it is
i ndependent. W would like to think that it is independent
of cell and independent of technology so |long as you are at
the right SAR So if you go that route first, and it stands
up, then you have al ready answered your robustness question.

If it doesn't stand up, then you have got to worry
about the second |evel.

DR. ROTlI ROTI: W chose to use the C3H 10T1/2
cell system because we could follow up with sone "so what"
guestions in terns of the data we were already collecting,
namely neoplastic transformati on data and ot her endpoints
t hat we have been nmeasuring in this cell system So, to us,
it made sense to see if this effect applied to that system

DR. WLLIAMS: D d you do transformation studi es?
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DR. ROTI ROTI: Yes; it is summarized on that
list.

DR. WLLIAMS: And they are negative?

DR. ROTlI ROTI: Yes--well, at 0.6 W

DR. TICE: Yes. There you go.

DR. ROTlI ROTlI: They are not done at a hi gher SAR

DR. HOOK: The one thing that we do seemto have,

t hough, is evidence that, unless you are dealing with either
qui escent or pl ateau-phase cells or non-cycling cells, that
you mght not see this effect. So, although I would like to
see other cell types evaluated, it would have to be one in
whi ch you can at |east set up a systemthat is simlar to
what we have which is noncycling or plateau-phase cells.

DR TICE: Except that we were not sure if Joe's
negati ve data for the cycling cells was--

DR. ROTI ROTlI: It is sonething we need to find
out .

DR. TICE: Yes; so that is kind of a question.

DR. FENECH: | just want to comment that when you
are using the primary |ynphocytes, every tinme you use a
sanple froma different individual, you are actually | ooking
at the different cell because the inter-individual variation
and sensitivity is different. So that has to be considered.
It is a question, then, do you do the test with |ynphocytes

or bl ood sanples from people who we know are sensitive to
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anot her carcinogen--for exanple, X-rays, sonething |ike
that. It is very easy to find out who is and who isn't
sensitive and that reflects the DNA-repair capacity.

So it may be nore instructive--first of all, you
are working with human cells and you are | ooking at human
cells of different sensitivities, both primary. | think
that m ght be considered to be nore relevant in sone ways
and nore focused.

DR ROTl ROTI: W have batteries of doubl e-strand
break repair-deficient cell lines in our |aboratory and we
can do these kinds of studies. Should it be deened
relevant, it is no problemfor us to do these cells in
mat ched nutants of wild type and specific repair-defective,
doubl e-strand break repair-defective cells.

DR. ALLEN. Joe, is it known whet her your 10T1l/2s
are P53 nutant or--

DR. ROTI ROTI: | think they are not.

DR. ALLEN. You think they are one of those that
are normal P53?

DR. ROTI ROTI: Yes; | think it is normal P53.
That is another thing that can be done in P53-positive and
P53- negati ve.

DR. ALLEN:. R ght. There is a building database

on the differences in response.
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DR ROTl ROTI: W have those avail able, but |
don't know if they are available in the C3H 10T1/2 cells.
Those were actually discussi ons we have had of doing the
transformation studies in different genetic knockouts of
cancer suppressor genes. You keep tal king about doing
studies. You could do them forever.

| think it nmakes sense to do it, but it alittle
bit depends on the results of the PIMnouse replication. |
t hink those studies mght be very rel evant shoul d that
result be replicated.

DR CHOU. W did the P53 study at City of Hope
usi ng the same systemand the result was negative. W were
using the Petri dish nethod.

DR. HOOK: Do you renenber what was the cell |ine?
Just | ooking for P53 induction.

DR. ROTI ROTI: W are tal king about in a P53
knockout cell |ine where you have a nutant P53 and then you
actually try to see if the field affects the transformation
frequency when you suppress certain oncogenes. W are kind
of getting off the subject here, but it mght be relevant if
you find that those things affect mcronuclei formation and
you find that, in the PIMnouse, it is sensitive to the

field whereas the wld-type nouse isn't.
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Then those kinds of studies becone relevant in
vitro because then you can begin to map what defects would
interact with fields and what defects wouldn't.

DR. ONEN. The only other thing that we have not
touched on at all in ternms of clarifying sonething that went
on earlier and this is not, again, necessarily an
overarching topic but a point, and that is the question of
whet her consi der of mcronucl eus-formation ratios or the
nunber of cells affected is inportant to require or to
specify in the conduct of a study.

Presumabl y, one could call for both.

DR. TICE: W actually collect data on both. But
the normal analysis that is done is the frequency of cells
with mcronuclei because it is binomal. Wen you start
tal ki ng about nunbers of cells wth different frequencies of
m cronucl ei, you can | ook at the dispersion anong cells to
see if it is--because, if it is overdispersed, that gives
you di fferent kinds of information.

But, generally, both data would be collected
because both m ght be informative.

DR. ROTI ROTI: W collect both.

DR. FENECH: Collect all the data you can.

DR. ONEN. | amgoing to back through just the
general topics at this point that we have covered this

nor ni ng, roughly in reverse chronol ogi cal order.
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W tal ked about which cell systens shoul d be used.
W tal ked about considerations of which signal or
t echnol ogy, or which signals, should be used for nore
research. W tal ked extensively about the type of in vivo
research that is warranted.

W talked quite a bit--well, we talked a little
bit--about non-RF heating and cooling experinents. W
tal ked about exposure duration. W tal ked about experinents
to | ook at the nechanismis mcronucleus formation that is
responsi bl e for the observed RF and non-RF heating effects.

W tal ked about exposure-system considerations and
further characterization that m ght be warranted. W tal ked
about experinents using anbient tenperature offset. W
tal ked about dose-response eval uations and we tal ked about
t he overarching concept of repeating work that has been done
with multiple labs, nmultiple exposure systens, nore than one
| ab, nore than one exposure system Related to that was
addi ti onal anal ysis of avail abl e dat a.

At this point, | would like to ask the group if
there are any overarching topics that you recall from
yesterday that | have mssed in that |ist or that we haven't
yet touched upon that relate directly to foll ow up work on
in vitro mcronucl eus-formati on experinments that we saw the

results of yesterday.
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DR. MacGREGOR: | can't think of overarching
guestions but there are few small points that were nmentioned
yesterday in the context of some of the things we tal ked
about today that we didn't nention yesterday, so maybe |
will just mention those. One was that anong the mechanistic
guestions raised yesterday was--1 think it was on Ray Tice's
list whether free radicals were involved and there was,
apparently, reason to think they mght be. | amnot sure |
qui te caught what the reason was. That was one thing
ment i oned.

Anot her thing nmentioned yesterday was in the
context of using the heat-shock response that, perhaps, that
could be done a little nore globally by using mcroarrays to
really | ook at stress pathway response and characteri ze
that, so | guess that issue was, if you are going to do
t hose ki nds of experinents, does it or doesn't it nake sense
to try to expand your pathway mapping or not.

Then the third thing I can think of is brought up
by M ke Fenech was the idea of low folate. | guess there
are two ways you could think of low folate. One is just
i ndi vidual sensitivity. Another m ght be signal
anplification because, for many kinds of agents, if you
lower the folate in the medium you may raise the background
alittle bit off and you raise the response even a |l ot nore

t han t he background.
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So it could be to think about varying that
par anmet er coul d conceivably both anplify the signal and your
dose response and, al so, could be relevant to individual
variability issues. | guess those are three things that

were put on the table yesterday that we haven't tal ked about

yet .
DR. O/NEN:. Any ot hers?
DR, ROTI ROTI: | would just like to say one thing
about the list. | think one needs to be aware that HSF

activation, to ny knowl edge, is the only paraneter rel ated
to gene expression, and so on, in which the thermal response
has been pushed--1 don't think we have pushed it to its
[imt, but it is pushed to a limt that shows that it is
relevant at the kinds of tenperatures that we m ght expect
in a thermal artifact situation.

O her kinds of gene expression and m croarray
technol ogy would all have to be characterized as part of the
research in that regard. So the thermal standardi zation of
t hose assays woul d need to be done.

DR. MacGREGOR: Let ne point out, | wasn't
advocating any of those three. | was just getting them back
on the table.

DR. ROTI ROTI: | would |ove to have funding to do
m croarray studies in RF fields and | ow tenperature. So if

you guys put that on the table, wonderful.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

DR. ALLEN. In the sane context with the arrays
and the folate is the age because m croarrays are show ng
age-dependent |evels of expression. So | think if we are
going to suggest getting into that in a big way, that really
needs to be taken into account.

There are changes, for exanple, in cell-cycle
regul ati on and stress response and repair systens. It is
all very inportant here.

DR. MacGREGOR | guess | would maybe, since Joe
rai sed the question, offer a personal opinion that all three
of those, in ny mnd, mght be nore secondary ki nds of
i ssues that, if you get into nechanistic studies, it would
nice to know but maybe woul dn't be the first kind of thing
you want to think about.

DR. ROTI ROTlI: | really think the reason | put
the HSF on the table is it is potentially a good indicator
of tenperature rise in the system W have spent a | arge
nunber of m nutes discussing where the tenperature rises are
and are they significant at any |evel.

DR. ONEN. And the biological thernoneter was
explicitly mentioned this norning in the context of doing
t hose tenperature characterizati on experinents.

DR. ROTI ROTlI: Right. | think that is an
inmportant--1 mean, | would |like to distinguish the use of

that as an indicator of thermal artifact versus
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i nvestigating the genetic changes that m ght be induced by
RF fields. Those are two different studies.

DR. MacGREGOR: | would certainly agree with that
and | would agree that it is inportant to characterize the
heat - shock response as a function of the nonirradiation
treatments to see how good an internal dosinetry it is to
heat and then, if that proves out, then incorporating that
into all the studies would be extrenely val uabl e.

DR. ROTlI ROTlI: That is what | think.

DR. FENECH: If | understood correctly from what
you were sayi ng yesterday, | thought you were suggesting
that the heat-shock protein or the RNA ideally would be al so
measured in the binucleated cells in your scoring the
m cronucl ei .

DR. ROTlI ROTI: That is probably not feasible as |
t hought about it longer. What is feasible is to | ook for
HSF activation as a neasure of heating in the system That
i's nunber one. But that doesn't give you any information
about where in the systemthe cells are.

In our system where the cells are attached, it
m ght be possible, if the expression of a reporter nolecule
that is fluorescent is as sensitive as the activation of the
transcription factor, then we could map the hot spots and
al so we could sort the cells prior to adding cytochal asin

because they woul d have to be sorted i nmedi ately when they

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

come out of RTL to see the elevated | evels of the heat-shock
pr ot ei ns.

Then we could actually sort the ones that were not
heat ed.

DR. FENECH: They are sorting themwth flow
cytonmetry?

DR ROTl ROTI:  Yes.

DR. FENECH. That treatnent, itself, mght cause--

DR. ROTlI ROTI: That is why you do shanms, because
we found that, unlike RF where we couldn't detect any DNA
damage, if we stained the cells with Hoechst and sorted them
with a flow cytoneter, we can neasure conet, DNA damage by
t he conet assay.

DR. HOOK: \What tenperature resolution do you
t hi nk you can get using the heat shock?

DR. ROTI ROTlI: You can neasure 5 percent of the
cells heated at a degree. W probably mght be able to try
a half degree just to see if we can push it farther.
mean, a half degree would be nore inportant than a degree,
in awy. But that is only in a small fraction of the
popul ation. That is 5 percent of the cells were heated.

The rest weren't.
DR. HOOK: Do you only one type of cells and | ook

at thenf
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DR. ROTlI ROTI: Yes--well, no, you dilute. You
dilute with unheated sanpl e.

DR. ONEN. That was done by diluting the extracts.

DR. ROTI ROTlI: W need to do it by diluting the
cells.

DR ONEN: At this point, |, just a few m nutes
ago, went over the main topics that we have tal ked about.

In the remaining 10 m nutes, 15 mnutes, | guess--well,
maybe the next 5 or 10 mnutes--1 would |like to hear sone

i nput about the relative priority of the different types of
studi es that we have di scussed, these different topic areas.

Don't all talk at once.

DR. WLLIAMS: It seens to ne the first priority
isis it areal effect. They have repeated data but the
nunber of repetitions is not high. So the first thing that
needs to be done, | think, is to determne is it an effect
and the second thing is is it heat or is it the irradiation,
or is it a conbination of the two.

If it is heat, then there are a whole series of
studies that you then go forward wth, studying heat but, at
the sane tinme, studying the ability of the different
technol ogi es to i nduce patterns of heat in an individual.

If there is a irradiation effect, then it requires stepping
back, coming up with a hypothesis as to what the interaction

could be and what woul d be the mechanismof it by which the
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irradiation couples to the cells and, in sone way, detect it
has been irradiated. That is a nore conplex and varied
approach, | think.

DR, ELDER: | woul d suggest that the second
priority would not be the nmechani sns but the second priority
would be to an in vitro study because |I think we are | ooking
at an applied research programhere. W need to know
whet her or not em ssions fromcell phones are causing an
adverse health effect. W don't need to wait until people
do a ot of nechanismtype studies before we try to get an
answer for the because we all know that arsenic causes
cancer by, to ny know edge, we don't have too many cl ues as

to how arseni c causes cancer.

DR OMEN. I'msorry; did you say an in vivo
st udy?

DR, ELDER. In vivo; yes. That would be
important, | think, for the second-level priority, too. And

t he mechani sms woul d fall after that.

DR. HOOK: | think repeatability, but what | nean
by that is not us doing four tests at 10 but soneone el se
doing tests to denonstrate robustness. It becones, what,
best out of 7, or sonething, if we just keep repeating this.
| don't knowif it would get stronger if we do it three or
four times. |If sonmeone else does it, that gives us a |lot of

strengt h.
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| think even before you go to in vivo, we want to
| ook at a dose-response curve. That will tell us. And if
there are differences between the technol ogies that would
lead us to want to do nore than one technology in the in
vivo study. W want to have as narrow a focus on the in
vivo study as you can. These are very expensive if you go
to the in vivo case.

We woul d know what we would need to test in vivo,
and then that woul d be next.

DR. ELDER. You woul d expect sonme gui dance on the
in vivo studies fromthe replication dose-response studies
that you woul d do at phase 1

DR HOOK: Right. So | am saying, repeat, dose
response, and then go in vivo.

DR. MacGREGOR: | would point out that if there
are ongoi ng studies, then sanpling and neasuring the
m cronuclei is a |lot cheaper than any of your in vitro
studi es and ought to be extremely high priority.

DR. CHOQU. To go back to point 1 on the heating
study, | want to keep enphasi zing we should al so include the
cool i ng study, too.

DR. WLLIAVS: | would be | ess enthusiastic about
nmoving to in vivo studies until we know, really, what we are
testing. Normally, if you set up an in vivo, you go to 5,

10, 100 tinmes expected human exposure. W can't do that.
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If we could do this in a straightforward toxicol ogi cal way,
that would be the preferred way. W can interpret the
ani mal studies. W have huge dat abases.

But we can't do those experinments in the nornal
way. We can't nmultiply up the exposure levels. The
confounder there is heat. | think it will be difficult to
proceed to the in vivo studies w thout understandi ng whet her
we are really |l ooking at a heat phenonenon or an RF
phenonmenon or an interaction between the two.

DR. ONEN: Two subfactors of that becone--one, |
think we are trying to draw sone distinction between design
of newin vivo studies to |look at m cronucl eus and | ooki ng
for good opportunities to add on to existing studies at | ow
cost. At least that is sonething to consider.

DR. MacGREGOR | guess | would restate what |
think I said. | think I would agree with what Jerry said
about initiating new studies in vivo. That is conplicated
and you need to understand what is going on in vitroto
design that. But | think it should be very high priority to
identify ongoing in vivo studies and obtain rel evant sanpl es
fromthose know ng what we know at this point.

DR. CHOU. | wish Mays Swi cord was here because
now there is a big problemgoing on in Europe called
Performer A. It is directly related to these long-termin

vivo studies. This can be integrated into that.
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DR O/EN:. | think I have his phone nunber.
Thanks. | will talk to himone way or other.

Another thing to note, just in terns of keeping in
context, adding on to studies that are al ready designed, we
woul d want to take into consideration that, since we are not
defining the design of the studies, if they were negative,
they may no be very informative, may not be informative
hardly at all. But certainly the high priority is tied with
the possibility of detecting sonmething if it is--

DR. ROTI ROTlI: Again, the caveat is that even the
studies that are going on now are not at the SAR | evel s that
they use to see the effect. So, even if you tie it into
existing studies, it may not tell you anything because we
know, fromin vitro studies, you need to get to about
5 Wkag.

But if you go to 5 Wkg, then you are going to
have to get an aninmal that can handle it.

DR LOTZ: The one caveat on that, Eduardo, |
woul d put are, again, these--and they are only prelimnary--
but they are these human studies with, obviously, a snal
nunber of people. But it is not likely that they are
getting any kind of steady exposure to 5 WKkg.

So they provide a hint that | think mght tie into
the rationale to add on to existing in vivo studies even

t hough their SARs may be | ow.
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DR. MOROS: Oh; | agree you should collect the
data, but we aware of the--

DR HOCK: In terns of newin vivo, first we have
to know what the dose response is. Maybe we don't need to
go to 5 or 10. Second, we know that, at |east for head
exposures, if we focus it on the head, we can go up to
10 Wkg in the head. So we can do high localized exposures.

DR LOTZ: | think we have covered this in sone
ways but, Gaham that point brings ne back to another
guestion. |Is there a reason in vitro to go |onger than
24 hours? Is there any point in doing that?

DR. HOOK: The other side of the dose response.

DR ROTI ROTI: W can do that. That is maybe
where the RTL has an advantage and perhaps we should do sone
studies of nultiple-day exposures because we can't push the
SAR up right away. But we can certainly keep the
tenperature well-controlled for nultiple days. And naybe we
woul d then get nore conparable data. W could easily do
that, especially in plateau-phase cells.

DR. MacGREGOR: | wonder if any mechanistic
di scussion around this point would be valuable. W don't
under stand the nmechani sm but we do understand that
m cronucl eated cells get elimnated fromthe population with
a certain kinetics and generally cone to steady state after

a couple of cell cycles.
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So | would say probably, just off the top of ny
head, probably you would want to think about doing
experinments that span maybe a few cell cycles and | onger
than that may not be that beneficial.

DR. ROTI ROTlI: | was thinking of doing this in
pl at eau- phase cel |l s.

DR, MacGREGOR: Well, okay.

DR ROTl ROTI: | wouldn't want to do that in
exponentially growng cells. First of all, we didn't find
an effect there but we did find it in plateau-phase cells.
There are a couple of other reasons for trying to do sone
| onger studies in the plateau-phase cells. First of all, we
do a 6-week exposure to a pl at eau- phase C3H 10T1/2 cell when
we are doing to transformati on assay anyway.

So it would make sense to do that in a pl ateau-
phase C3H system It wouldn't nake sense in an
exponentially growi ng cell.

DR MacGREGOR: | agree.

DR. WLLIAMS: This is just a general comment and
it isn't nmeant to be negative at all, but |I do think that
you can get in trouble planning experinments when you don't
have a hypot hesis. Watever the nechanism if there is a
mechani sm wor ki ng here, we know it is not |ike ionizing
irradiation. W have a | ot of negative data.

M LLER REPORTI NG COVPANY, |NC
735 8" Street, S E

Washi ngt on, D.C. 20003
(202) 546-6666



at

VWhat ever we conme up with our overall research
plan, it has to take cogni zance of that negative data. It
does not produce chronosone aberrations. It does not
produce nutati on. If we agree that those data are real, we
really have to conme up, then, with a nmechanism O herw se,
we are fishing. That sonetines really |eads you down the
wrong pat hway.

DR CHOU. If we worry about if this can lead to
possi bl e cancer induction, there are many studies in the
past. The Air Force supported many studies in the '80's.

Li ke you are saying, what are we | ooking for.

DR WLLIAMS: In the long term and, again, from
a toxol ogi cal perspective, is seens our goal finally is to
say whet her the use of cellular phones, as we foresee them
in the future, produces a risk to an individual greater than
the other risks that they experience in their lives. That
is the general philosophy behind protection.

General risk is 10", 10° that, when | amdriving
home to Baltinore today, | will get run over or sonething.
So, when you are planning, especially your aninmal studies,
and you have to say can we pick up a risk of this |evel
like with EM-, at sone point, we have to say our toxol ogical
system sinply does not pick up a snmall risk that is unlike

the other risks we have assayed in the past.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

If it is some unusual nechanism we have no
experience at appreciating that in toxicology. So, again, |
woul d just--we have all thought about this, but | think we
all have to think again; what is the real hypothesis that we
are testing. Wat are we really | ooking for and what is the
nost direct way to reject or defend that hypothesis.

DR. ONEN. G ven that we have very little tine
left, I would just like to solicit one nore piece of input
and that is, in the diagramof relative priority that | was
sketching out on this piece of paper, | did not have a
specific mention from anybody about a couple of topics that
we had before, that being additional characterization of the
exi sting exposure characteristics and exposure-system
nodi fication or devel opnent.

DR. WLLIAMS: It depends on your hypothesis and
what you want to test.

DR LOTZ: | guess this sort of relates to what
Joe said a few m nutes ago, too. | think we have got a
coupl e of not perfect but pretty good exposure systens here.
It is inportant to press ahead with the biol ogical
experinments. |If we can, in parallel, inprove exposure
systens, that is good but I don't think we want to wait. 1In
a sense, we did that sone years ago.

DR ROTI ROTI: W need to do both.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

DR. WLLIAVMS: Eduardo, are there specific
benefits you see to inproving any of these systens other
than nore specificity and nore accuracy?

DR. MORCS: The benefit of the studies that | have
envisioned are to allow the RTL to go to very high SARs over
the UHF spectrum In doing so, you also create a | ot of SAR
dosinetry data that one can then publish and then woul d be
inthe literature as a reference to what is used, SAR
distributions at nultiple frequencies.

So that is that. But this is sort of not a

bi ol ogi cal project but nore of an engi neering physics

project. | do have plans for that. 1In fact, | have already
an application submtted to NIH which will be revi ewed
during the next cycle. | don't know in whose hands it is

going to fall.

| don't knowif that is the best review for that
type of application in view of this initiative. It nmay be
nore appropriate here. |1 don't know. W'Ill see. \Watever
we do, though, I think that Dr. Chou said yesterday, and |
agree conpletely with him we need to characterize our
systens redundantly. W need SAR W need tenperature. W
need neasurenents. W need sinul ations.

We need all these things so that we don't have to
go and get the data after the biological endpoint has been

found, but the data is there. You just have to look at it

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

and decide. Then, that wll really erase fromthe m nds of
critics whether there was a thermal effect or not. That is
what | amtrying to provide to ny biological thing is to
make sure that we don't have a thermal inpact on the cells.

DR. ROTI ROTlI: | need to say sonmething. | think
the very first statenent that was put on the table for a
priority this norning was cross replication of the findings.
| am not confortable with our attenpt to replicate the WIR
data without being able to irradiate in the RTL system which
has got a conpletely different geonetry, a conpletely
different set of whatever artifacts are there w thout being
able to go 10 Wkg and conpare the results.

| really think that upgrading the RTL irradiation
facility so that it--and C. K first asked ne, why don't you
just crank up the anplifier, buy a bigger anplifier. The
reason is the absorber foamw || probably nelt. So we have
got to figure out a way to get the thing nore efficient so
that we don't nmelt the absorber foambut still can get the
ri ght Wkag.

| think that if these effects are artifacts, maybe
that is not so critical. But if these effects are verified,
then having the irradiator systemthat can perform at these
different SARs would be a very inportant tool for ongoing
research, to follow up whatever these observations turn out

to be.
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DR WLLIAMS: You could do 5. You could take
their cell system-

DR ROTl ROTI: W have done 5. W can do 5. W
can do nore work at 5. W can do that right now

DR. WLLIAMS: |Is there any reason why you could
not do the 10T1/2 cell?

DR ROTl ROTI: Pardon?

DR. WLLIAMS: | was asking Ray whether there was
any reason why they cannot do the 10T1/2 cell.

DR. ROTlI ROTI: Yes; they can do them

DR. ONEN. They woul d have to renodify the
exposure system

DR TICE: But renmenber the cells have to be
qui escent .

DR. ROTlI ROTI: They can be trypsinized.

DR. TICE: But they have to be qui escent during
t he exposure--

DR HOOK: Wuld we have to do it in plate, but we
can do plate.

MR. BASSEN. There is a hi gh-power absorber that
you can use to substitute very easily.

DR. ROTI ROTlI: That is a possibility.

DR. MORCS: W have the highest-power absorber
that there is to be found in the United States, at |east

five years ago when we constructed the RTLs. \Whatever we
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do, it means a not-trivial engineering task. That is what |
amtrying to say. Watever we do to be able to go up to
hi gher SARs is not going to be a trivial thing.

| have got at |east 100 ideas that | can |ist,
things | can do to get rid of the heat and to increase SAR
But | cannot do themin a week's tine. So that is ny point.
It is going to have to be part of our project. Mybe sone
bi ol ogi cal experinment can start while we work on the RTLs so
that six nonths or a year later, then they can start working
on a higher SAR | evels.

MR. BASSEN: You can expose to 10 Wkg, can't you?
No? | would think that is inportant.

DR ROTI ROTlI: That is inportant.

DR. MOROS: That is what we have been tal king
about .

MR. BASSEN: But you said with the exchange in
absorber--1 think it is worth the engineering effort, then,
to get up to that |evel

DR. ROTl ROTlI: Yes; that is what we are saying.

DR. MOROCS: That is what we are sayi ng.

DR ROTl ROTI: W can do 5 and have done 5 and
can do a |l ot of perturbations with the 5 and we can
probably do very quickly sonme strategies to expand the
avai lability of positions that are irradiated at 5 W But
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toget it all up to--1 think 10 is what Eduardo woul d need
sone tinme to do.

MR. BASSEN:. Yes; but | would encourage you to
factor that into the proposal.

DR ROTl ROTI: That is what we would do; we would
factor it into the proposal, but | think that is part of
priority because | think that would apply across the board.

DR. CHOU. The other systemis nuch easier.
don't know -can you guys use the Petri dish? Then it would
be a nmuch nore uniform SAR and the cooling is nmuch easier
because it is right at the bottomand the air flows right
through it.

DR. HOOK: At least, the |ynphocyte, we have a
generator strong enough to bring up back up to 10.

DR. ONEN. | think we have probably gotten enough
on that subtopic for the nonent and we have reached the end
of our available time for this neeting.

| want to thank all the participants, all the
menbers of the Wrking Goup, for comng and for your
continued work on this topic with us. | want to thank the
presenters for their time and thoroughness. | wll remnd
themthat | would like to have copies of the manuscripts
t hat have not been published, if possible.

| would like to thank very much the peopl e that
organi zed this neeting, in particular Abiy Desta who carried
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really the bulk of the organizational |oad for us,
the people here in this building in the conference
or gani zati on offi ce.

Thank you all for your attention.

and al so

[ Wher eupon, at 11:35 a.m, the neeting was

adj our ned. ]
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